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The present invention describes a novel method for preparat.on of high density peptide (or other 
See neS- SCreen ' n9 SUCh ,ibraneS '° r P6ptide havi "9 the ca P aci, V «° recognize ^gets ol 

Many biological phenomena are known to involve the interaction of peptides with a macromolecular 
end g o,he"ns " " PePtid6S inC ' Ude ^ VaS ° aCtiV6 ' n ' eS " nal pep,ide ' ,he a "9'°<e™ns. and the 

For such an interaction to occur, the peptide must be able to fold into a conformation in which it 
EST? wh^ k Wh ' Ch 15 COmplementar y 10 a ' region, e.g.. a catalytic pocket, of the targe 

molecule. Wh.le short peptides that interact with proteins or other biomoiecules are used in research and 
d.n.ca. therapy (Magazine. ,99,: Bischoff. ,992: Baumbach. ,992). the rationa, design of peptSes « 0 b ' 
to new targets, or to enhance or render more specific their binding to a known target, is difficult 

In peptides, the number of total chemical structures is determined by the number of different amino 
acids used and by the peptide length, e.g.. from 20 amino acids it is possible to synthesize S tZZ 
peptides with a length of 9 amino acids. amerent 

If one cannot rationally predict the peptides which will have the desired binding activities, it is desirable 
to be able to screen, s.multaneous.y. a large number of peptides of different sequences, which are prepared 

TrZT ^'.l^ fadlitateS idemification of bi "<*ng peptides. Such a collection of peptides 

is called a peptide library." (Birbaum. 1992: Amato. ,992). M 

n , 0n ? Q TnTo d Construction of 3 De P tide "*riry is by genetic engineering (Scott ,990. Cwirla ,990 
Dev.,n ,990). Peptides are expressed as pan of a surface protein on the pill protein on the outer surface oi 
a "'amentous phage. Phages reacting specifically with a targe, of choice are selected by panning and 
expanded. The relevant ONA sequence of the selected phages is then determined. The identified pepUde 
sequences are deduced from the identified ONA sequences. The advantages of this approach to peptide 

nonir.hlT 3 ?h COfWenienCe / V 16 mai0f disadvantage is that the peptide library only contains linear 
(non-branched) peptides composed of the 20 native. L-amino acids 

Another approach for the generation of a peptide library is chemical synthesis. The major advantage of 

nl^T Th ' T f"? '° Pf0dUCe PGPt ' deS Wh0Se imposition is no, limited to the twenty 
genetically encoded ammo acds. The use of a large number of different amino ac-ds increases the extern 

s 1212 Y r 13 r° SS H 6 K° fr ° m Sh ° rt P6Ptide sea - uences - Th e chemical approach also facilitates the 

synthesis of cyclic and branched peptides. Besides increasing the diversity of the library, the use of non- 
nattve ammo acids enables better control of peptide properties: e.g.. lipid solubility of peptides may be 
largely increased by use of sulfoxide derivatives of methionine. 

The "addressable library" approach, practiced by Affimax (Fodor ,99,) is as follows: peptides are 
syn hesized in squares as small as ,0x,0 urn on a piece of glass. The peptide sequence formed in each 

00x 00- oTnn LI ! P0Sit T ° n 3 SUf ' aCe ° f ab0ut 1 cm2 i( is P° ss ' ble <° P** as many as 
100x100 -.0 000 Afferent peptides. The peptides are reacted with a fluorescent ligand and the stained' 
squares are .dent.f.ed under the microscope. In this way ,« is possible to immediately identify peptides 
binding l0 a spec, c ligand. The major disadvantage of this approach is the relative small number of 
peptides it is possible to screen. 

* m l lhe variati0 " Presented by Hough.en (,99,). hexapeptide mixtures were synthesized from ,8 L-native 
caZZ , Tn 6 , C Q 0rreSp0ndS ,0 the C te "™*' and position , corresponds to the N terminal. A 
complete mixture of all ,8 ammo acids was introduced in each of positions 3-6. The peptide mixture was 
then separated into ,8x,8 = 324 different tubes, and in each tube a specific peptide was introduced Tn 
positions -2. The 324 pept.de populations were screened for activity (e.g.. inhibition of antibody-antigen 
.mteract.on) and the most active peptide m.x.ure was identified. Next. ,8 new pept.de m.xtures were 

ore" ST^'n Th^T ' ^ ' f" °' ^ * ^'^ ,hS " »» 

pre .ous step. The 3rd position of each of the mixtures had a s.ngle ammo acid. Positions 4-6 contained a 

m.xure of all ,8 ammo acids. The ,8 pept.de fixtures were screened lor ac.iv.ty and the best reactmg 

ZZl T. S h h h ° f ,Ur,her CharaC, ™' on The was repeated un,„ all 6pos,„ons in the 

peptide were identified. 

More recent^ Hough.en (Oral presentation and abstract. European Pept.de Society (EPS) 92 sympo- 
.unn. Imer.aken. Sw.tzerland) suggested a different approach. Startmg from , 8 ammo acids a total of 
,8x6= 108 peptide m.xtures were synthesized. In 18 mixtures, pos.tion 6 contained a un.que ammo acid 
and pos,„ons ,-5 contained a m.xture of all ammo acds. In another ,8 matures pos,„on 5 con.a.ned a 
un,q ue ammo acd and all other positions con.amed a m.xture o, an ,8 ammo acds etc Once 
HTnZ DePUde m ' X,UreS We ' e ' eS,ed —'-eous.v anq ,ne mos, ac,,ve m.xture out o, 

n a s g e ,a m ' X ' U ' e rep ' eSen "' iq ^ P ° S, " 0n was lden " ,lec, • Th * «s.rea seouence was thus ,den,.,.ed 
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The major disadvantage of both Houghten approaches is the limited ability to incorporate a large 
number of different amino acids. When the number of different amino acids js increased, the relative 
amount of each unique peptide within the mixture is reduced and thus its effects become more difficult to 
identify. Houghten compensates by testing his peptide mixtures for activity at a concentration of 5 mg/ml. 
5 However, testing libraries constructed of more than 40 or so different amino acids would be difficult to 
conceive. 

The present invention overcomes the aforementioned deficiencies of the Background Art. In particular, it 
permits the screening of much larger peptide libraries. 

Conventionally, when a peptide library is synthesized on beads, on any given bead , all of the peptide 

io molecules have the same sequence. Consequently, as previously explained, the diversity of the peptide 
library is limited by the total number of beads employed, which in turn is limited by human factors. We 
have estimated this limit to be on the order of 10 8 different beads, and hence 10 8 different peptide 
sequences. By the method of the present invention, it is believed that the delivery of the library may be 
increased by as much as seven orders of magnitude , i.e., to as many as 10 15 different peptide sequences. 

/s In the present invention, each bead bears, not a single peptide sequences, but a single family of related 
peptide sequences. (Normally, the family trait is a common (or low degeneracy) amino terminal portion of 
one or more amino acids.) The peptide library, in turn, includes many different families of peptides, with 
each family being found on one or more beads. Because the peptide library is arranged so that the peptide 
complement of each bead is constrained, the library is said to be "structured.** This structured library is 

20 then subjected to a round of screening. 

If a bead is marked by an affinity reagent, it indicates that one or more of the peptides in its family are 
bound by the affinity reagent. The peptide mixture on the bead is then sequenced to determine the 
common (or low degeneracy) amino terminal portion, the familial "marker." 

In the next round of screening, a sublibrary of the library of the prior round is constructed, in which all 

25 peptides possess the familial marker of the successful family in the last library. Each bead of this new 
library carries only peptides belonging to a subfamily of the aforementioned family. When this sublibrary is 
screened with an affinity reagent, the beads which are bound are those whose subfamilies include a binding 
peptide. The process is then repeated, with each successful family of the library of one screening round 
becoming, in the next round, a new library, which in turn is divided into families. Eventually, the entire 

30 sequence of the binding peptide is known. 

While, for convenience, the description refers to synthesis, screening and sequencing of peptide 
libraries, it applies, mutatis mutandis , to libraries displaying other heteropolymers whose ability to bind 
specifically to a target is related to their specific sequence of monomeric units. Such polymers include 
peptoids. nucleic acids, and carbohydrates. It should further be noted that the term "polymer" is intended to 

35 include "oligomers". 

The present invention involves preparation of a peptide (or other polymer) library in which a highly 
diverse collection of peptides are synthesized on beads by solid phase peptide synthesis techniques and 
then presented to potential targets. The library is structured so that each bead itself offers a detectable 
number of molecules of essentially each of a family of different yet related peptides. Because of this family 

40 relationship, once a "bead" is identified as "positive" by affinity screening, one or more amino acids of the 
part of the sequence which is "common" to all peptide sequences borne by that bead can be identified. A 
new peptide library is then prepared whose members correspond to the "positive family" of the prior 
library. This daughter library is in turn structured into families, one family per bead, so that screening and 
sequencing lead to the identification of additional residues of the actual binding peptide(s). The process is 

45 continued until the binding peptides have been fully sequenced. 

The number of different peptides of length k which are possibly synthesized from N different ammo 
acids is N K . The number of beads it is possible to use per single library is practically limited by the amount 
of the peptides we are willing to synthesize -ajnd by our ability to screen the library. Each ml of packed 
beads contains from several hundred thousand to several millions ol beads. Manually, we might screen a 

so library of about 100 ml of beads, containing about 10' - 10* beads. If. as is conventional, each bead earned 
a single peptide, the number of beads in the library would be sufficient to screen for all the hexapepuaes 
which could be synthesized from up to 30 different ammo acids (720x1 0M. Screening of all the hexapep- 
hdes winch are possibly synthesized from larger number of ammo acids would be technically difficult or 
impossible. 

55 The amount ol peptide found on a single bead of about i00 am diameter can he about i00 pmoie. or 

about 6x10'- molecules. This number of peptide molecules is much larger man me number oi molecules 
nceoed lo* assaying of hgaiui binding to the beads. Using enzyme ejection or iiuorescence detecoo 
methods it »s possible to monitor tin; binding of antibodies wun buiomg constants oi about K A = i0~ :c as 
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n um Th H 6CeP T! C aPPearm9 ° n ,he Ce " membran « o' mammalian cells with diameter of about 
10 urn The d.ameter of the beads used for synthesis of the peptide is about 100 um and so their volume 's 
about (,00/,0,3=,000 times larger than mamma.ian cells. We therefore conclude that using en^e o 
Muorescence detect.on methods we should be able to monitor the binding of ligands with K A = ^ to bead 
conta.n.ng a, least 1 0OOx , 000 = , 0> target molecules. Since the beads contain about 6x10" p££ 

n Tl t Z"U m l T ,h3t ^ P3Ck 6aCh b6ad With man * P e P ,ides - fact - theoretically we could 
pack 6x.0-3.-10 =6x10' different peptide molecules per bead and still be able to detect the bnding o a 
ligand to a single peptide type. y 

,„ ^ ertain b ! 3d iS iden,ified 3S COmainin9 a " testing PepWe we need to determine the peptide 
structure. Th.s ,s ach.eved by N-,ermina. sequencing (Edmann degradation,. The procedure is routS 
earned out by an automatic machine. Following degradation the resulting PTH-amino acid is analyzed by 
^^0' i 7 mat0 r Ph T I- S,3te °' ^ maChinSS 3fe Capable of - a( V-9 tne segJeneeo 

lulnlnT P6P S ' ,0 ° Pm °' e ° f P6p,ide f ° Und °" each bead are «"Pte amount for 

sequenc.ng. However, as compared to the immunological staining process the sequencing step is relatively 
insensitive Thus, even though we could synthesize on each bead over ,0' different peptides and s be 
abte lo select beads based upon the interaction of the ligand with the peptides on the beads, using In, 
machinery we would not have been able to 'retrieve the sequence information. In fact, even if we 
synthesized on* 20 different peptides on a single bead, the amount of amino acid obtained by each 
Edmann degradation step would have been only ,00/20 = 5 pmole. which is too low to allow precise 
analysis of the sequence. 

,1. Jl 6 , nnT St , m f in f COrdanCe with ,he P fesef1t invention it is possible to tackle the problem of 
man a f ^ aC, ' Ve PeP ' ide - " ^ e *P"**"9 ™»V Peptides per bead, in an iterative 

h^ CC 9 , 10 Strate9y - 6aCh St6P °' ,he itera ' i0n ' S desiqned «° identification of the 

TnZ , , 7 '? Z t0 ° r S6Veral °' ^ P6PtideS Sxpressed on the bead - and a ' 'he same time 
enable the at least partial determination of the identity of one or more amino acids of the peptide. Several 
iterations are needed in order to allow the complete elucidation of the desired structure. 

Target 

30 Th/^n P r P ° Se ? COnStf . UCtin9 3 Pep,ide ,ibrar y is 10 ide "tify peptides which bind to a target of interest, 
amnrohn T" , SUbStaPCe - Wha,SOever - " ^ '"Organic or organic crys.al.ine or 

nZ n °r : . m H Cr ° m C ' ° f maCr0m0,ecula ^ nat ^ a »y occurring or artificial. Typical targets include 
proteins (.nc.ud.ng enzymes, hormones and recep,ors),carbohydra,es. and lipids. Suitable targets include 
human tumor necrosis factor (or its p55 and p75 receptors,, and interleukin - 6. its cel. surface receptor the 

35 IL - 6-receptor complex, and its transducer, gp 1 30. 

The novel binding molecules which may be obtained from peptide' (or other polymer, libraries, include the 
following (the categories recited in italics are not mutually exclusive)- 

inhih^foM 5 ^ 'TT Ce ," ~ C<i " ° r CG " SUbstratum recognition. Possible applications could be: 
<o ol^ nr T , me a h S f S I 0 " 3 " 0 "- 3nd inhibiti ° n ° f Pla,e,et negation. The cell surface contains 

I n T T med,3te b,ndinQ °' 006 Ce " 10 an ° ,her 0r of cel,s «« extracellular matrix 
components. These molecules are e.g. the integrins. See Ferguson. T.A.. Mizu.ani. H. and Kupper. TS 

Two .ntegr.n-bind.ng peptides abrogate T cell-mediated immune responses in vivo " Proc Natl Acad 
Sa USA 88:8072-8076 (1991,: Skubitz. A.P.N.. Letourneau. P.O.. Wayner, E. and Fu^L T ^ymhetic 
peptides from the carboxy-terminal globular domain of the A chain of laminin: Their ability to promote cell 

H „37 uVZn H U,9r ° W «n a " d interaC ' hePari ° and * he b ' J <*« Bio,. 

69 1,-25 (,992) " eS ' ^ VerSa,Hi,y ' m ° du ' a,ion - and * adhesion." Cell 

lo.,o!s P, An eS I"' 3 ' 16 "JTT* the Ce " ular aMes mediated by the in.egrms could be d.scovered as 
50 IZl ZT T°k ? T ° ned - ^ rec0mbinanl P™*" would be produced and pur.fied. The purified 
ohosohatat I T ^ * ^ ^ ^ A ^ <*^ Q a.ed ^ 

den SlTr, 7.H T Sta ' n ' n9 °' ^ bMd » WhiCh b ' nd ,he Piot.nyla.ed pro.e.ns. FoUowing 

nd testJr °n * ha ' bind '° Pr °' einS - ,he P6p,ideS wou,d b e synthesized in soluble lorm 

and tested lor the, ab.l.ty to mod.fy the desired bio.og.cal activity, e.g.. as descr.bed in the c.ted papers. 

ZllTr , , Th l membrane b0und ,0fm °' th e C04 serves as a r ecepIor ,or H.V.. Discovery o, 
pep .des capable of .nh.b...ng the b,nding o, v.ruses to cells could be done ,n 0 n e of two approaches in one 
approach we could use complete vmons. The bmdino of t hp v.r.nnc , n thrt > 

. ^ , ,^ M , t _ u 9 or me v,r, ons to the beads could be monitored bv 

ubtng afitibodies specific to the v.rus. Once the structure ol tho n^t,** k ,^ 

UUUfe ol ,ne Peotide bifidmg i 0 the vmis is know .t couia 
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be synthesized .n a soluble form and tested directly in viral inhibition assays. In a second approach viral 
proteins known of mediating the binding of the virus to the cell could be cloned." expressed and purified and 
used as described above for section 1 . 

Inhibitors of viral -specilic enzyme activities. 
-- Inhibition of viral protease activity. 

-- Binding to and inhibition of the viral reverse transcriptase activity. 
Bactericidal or bacteriostatic molecules: 
-- Molecules that would produce a hole in bacterial membranes 

-- Molecules that would block the bacterial protein synthesis machinery by interaction with the bacterial 
nbosomes. The screening approach would be to test the binding of purified bacterial ribosomes (or 
polyribosomes) or any other protein which is participating in the synthesis of polypeptides (eg 
enzymes) to the beads and later test the activity of the synthesized soluble peptides in inhibition of the 
ribosome activity. 

•- Molecules that would interfere with bacterial cell wall construction. In this case we would screen for 
beads containing peptides that bind to at least one of the enzymes participating in cell wall synthesis 
Later the identified peptides would be synthesized in soluble form and tested for their ability to inhibit the 
enzyme activity and consequently the cell wall synthesis. 

-- Molecules that would inhibit the adsorption of the bacteria to specific targets. In this case we shall' look 
for beads conta.nmg peptides that bind whole bacterial cells or. more preferably, cloned and punfied 
bacterial cells known as participating in recognition of bacterial targets. In a second step the identified 
peptides would be tested for their ability to inhibit bacterial binding to the target. 

-- Molecules that would interfere with bacterial ONA synthesis. We shall look for peptides which bind to 
cloned and purified enzyme which participate in DNA synthesis or in production of DNA precursors 

Inhibitors ot bacterial exo-and endotoxins. The approach would include finding of peptides that bind 
to the toxin and later testing the ability of the identified peptide to inhibit the toxic activity 

Molecules that have enzymatic activity. We may screen for such peptides with a colorimetric (color 
generating) assay for the enzyme where the final product of the reaction would be insoluble thereby 
staining the beads, e.g. Reduction of NAD to NAOH could be monitored by binding on the beads of enzyme 
capable of using the reduced NAOH to reduce a tetrazolium slat to insoluble colored formazan. Oetection of 
other type of reactions may necessitate coupling of several enzymatic reactions until the desired color 
product is obtained. See Tawfik. O.S.. Green. 8.S.. Chap. R. Sela. M. and Eshhar. Z. "catEUSA: A facile 
general route to catalytic antibodies." Proc. Natl. Aca.d. Sci. USA 90: 373-377. (1993). 

Inhibitors ot enzymatic activity, e.g. of proteolytic enzymes. We shall first look for peptide capable 
of binding to the enzyme of choice. The peptides woutd then be synthesized in a soluble form and their 
ability to modify the enzymatic activity would be determined. 

Molecules that would modify enzyme activity in an allosteric manner. 

Molecules that would bind DNA at specific sequences or sites and inhibit transcription For 
screening, beads could be stained by specific DNA segments labeled with biotin or an enzyme. In a second 
stage, soluble peptides could be tested for their ability to modify transcription. Binding at a specific site 
may indicate binding at loops, hairpins or other structures. 

Molecules that interfere with the interaction of proteins with nucleic acids by interaction with 
the proteins. Screening for the ability of the peptide to interfere with the interaction of the protein with ONA 
or RNA could be done in the second stage, once peptide capable of binding to the protein are identified. 

Molecules that serve as adjuvants in vaccines. Such structures may be used alone or as parts of 
constructs that express both the antigen and adjuvant on a single molecule. 

Molecules that serve as vaccines, i.e.. molecules that mimic anuqenic epitopes of natural 
antigens. The current approach for preparation of peptide vaccines is to prepare peptides thai contain 8 
and T cell determents of the antigenic protein. The preferred T cell determ.nant(s) are promiscuous 
(reactive w.th many MHC isotypes). so as to allow generation of immune response .n as large proportion as 
possible of the population. The difficulty is that the peptides representing the ma,or antigen.c cetermmants 
are not necessarily .mmunogen.c when removed from the protein. We w 0u id use antibodies generated 
aga-nst the antigen as targets in order to idennly peptides capable of binding „,th the anybodies These 
selected peptides would mimic the immunogen.c structure of the antigenic orotem. Thus, the approach 
would allow preparation ol vaccines from parts ol the protem which are .mmunogen.c when me orotem . s 
.mact. but not m .soiat.on. m a second step we would couple the .oent.f.ed peptides to a T ceii determent 
and test then ability to serve as nnmunogens 

Molecules mat mteract w,th the r cell receptor ana serve lor maucuon ot T ceil %uopress:ori 
Popt.dcs that tuna to the r roil .wcpior ro.Hd bind at the active ,-o-.oqn, :i r,-. ?<ie , 0l 0lllSlCS : , „ 
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other part(s) of the receptor polypeptide chains. Initial screening could be for peptides that bind to ouri/iPH 
receptor. A second screening could verify i, the bound peptide has the ability to activate spedfic To e 
2S7 T V° fT* manV ,VPe °' 1 Ce " S ™™«ic, or to inhibit the actuation of Z t 

cells by known T cell de.erm,nan,s. See Drake. O.G. and KoWn. B.L.. "Superantigens: Biology imm unr J 
ogy. and potential role in disease." Journa! of Clinical Immunolonv l2:.49-.62 (.992) e n 
Parham. P. "Superantigens: Playing upon both sides." Nature 35919-20 (1992) 

Molecules that interfere in the antigenic presentation of other molecules by interacts with 

ITZ r T Pt ° rS ^ a " tigen PreSenmg Ce " S (APCS >- " is ^Heved that p^antigens 

undergo cleavage ,nto small peptides in the APC. These processed peptides bind to MHC (main! 
^ocompatibiHty antigen, mo.ecu.es at the cel. surface and are thus presented to T ceMs Some types o 
MHC mo ecu.es b.nd the peptide during their own synthesis and migrate with the bound peptides to Ihe eel 
surface, in order to compete with this mechanism we wou.d need an inhibitory peptide which penetra'e 
mto the cells to the specific site where ".oading" of the MHC molecule w„h peptides occurs 

Other types of MHC molecules bind peptide extra-cellularly. The binding of these peptides could be 

llZZ L^'r" With P6P,ideS " ^ C,VCUlati0n - ^™ **» «« the Wnbing t hi 

pept.de to the MHC ,s via two or more anchoring residues (sites) of the peptide (e.g. the second residue 
from the am,no term.na. and the free carboxy termina.) to specific sites on the MHC mo.ecu.e. TheoreSa, y 

ZLT. deS '?; h Str ° n9 r bindin9 PSp,ideS ,h3t Wuld prevent *^ oi the natural pep es T he 
app.icat.on would be ma.nly in controlling autoimmune disorders. 

Molecules that enhance the immunogenicity of other molecule by targeting them to antioen 
presenting ceils. Many peptide epitopes are not good immunogens since the' can nof bind to MHC 
molecules and are thus not "presentab.e". „ is possib.e that if such peptides wou.d be coup.ed to peptide 

S r *Z m0 ' eCU,eS ^ ,ar9et P6ptideS W0Uld become --unogenic. The .iSary 

approach car, be used for d.scovering peptides that bind to the different MHC isotypes. As stated above 

to the MHC PeP " deS " " anCh ° ring " residues ' sites - W * cou.d discover pept.de mimetics that b7nd 

pept^es " non-conventua. s,ruc,ures,si.es that wou.d be more efficient as compared with pure 

th^rZV f the /o£ ^mediate type hypersensitivity response by preventing 

^jeeupauon of he FC receptor by specific IgE antibodies. During the screening we wou.d .ook for 

ZTf* h aP K k ,T° ,0 reC6Pt0r - ThiS r6Cept0r is res P° nsib,e '° r «-n*S of the ig E . When 

Acti a^ o s ' S n T V* feCePt0r enC0Un,erS ,he anti9en - the ce " bea ' inQ the activate* 
resnot. ° ? " "" Pnmary e ' ement ,n ,he immediate ^ hypersensitivity also know as allergic 
h 7 T CreVent Ce " S fr ° m bindln9 the '-' QE we COu,d abr0Qa,e tne of the cel.s by 

reo,dl 9 b nl? t o, h Pr T 9 ^ a " erQiC r6SPOnSe - ' irSt S,ep we couid use tne ««* to 'ook fo 
ZE?Z h T , k 6 ,% reCeP ' 0r - 10 3 SeC ° nd Step we wou,d ,est (he abili *y °< < h * identified peptides to 
ol atrgfc rSns ' '° ^ m3in apPliC ^ 0n °< ^ h PeptideS WOuld b * ^ prevention 

Molecules that inhibit the binding of complement components to immune complexes thereby 

which Z?T f m aCtiVati ° n - ^ SCfeen Hbrary f0f Pebtid6S that bind to'mmunogtbuJn 
modld 1 ' TT 2 immUne COmPleXeS ' 7,16 FC °' th6Se ~og.obu.ins is conformational 
Im un com r P » ? C °' ' ree immunoQ,obuli "- Only the Fc of immunog.obu.ins participate i 
Zides ZT« TT 'f C3Pable °' aCtiVatin9 ,he com 0' e ™<- ^ cou.d screen the .ibrary for 
ZnnlV 5 h C ° in ™ qlobljlins in en immune complex. In a second step we could test the 

■denied pept.des ,n a soluble form for their ability to inhibit complement activation 

, mm M n?^ /eS . ' hat ^ l ° SOlUb ' e immUnG com P' exes an « P^nt their accumulation in the kidneys. 
com^n^r 5 t0 aCCUmu ' ate in ,he basal mem brane of the x.dney. Non-specific activation of 

como exes t F mh eVen,Ua " y ^ ' ai ' Ure S ° me °' lhe P e P tides ' ha t b-nd to the ,mm une 

cZTtl n !h k , P artlc 'P a " n 9 -mmuhog.obu.ins, may inhibi. .he specific binding of the .mmune 
cln eml h ! h Sa m6mbraneS ^'^at.ve.y. peptides may be .ound ,ha, prevent the acvation of the 
^mune comp. y ex ' mmUne C ° mP ' eX ^ ^ e ° t,n9 *" ^ °' ,he comp.emeh, componen, C3 to the 
Molecules that serve as target antigens or pseudo-antibodies in immunoassays Pept.des may 

cTZ^Z:' "T'^ ReP,aCm9 °' an "9— gents used ,n ,m mu noassays for the presence o 
cognate annbod.es ,n ,he serum (e.g. measuremen. 0( antibodies ,o ,he A.OS v.rus. with a pept.de m.gh, 

7Z°:LTo T maOV SUCh 3SSaVS ,6nd '° P ' Ck Ub ia ' Se ^ h -e to be further 

evaluated to make sure . ey are tru.y pos.t.ves. Some peop.e have tnea to use oept.des der.vea Irom the 

T« h ? ? ' n 3 m °' e SPeC ' iiC 0SSaYS Usi '^ pe|) " ae —e^cs ano the ..bra.v aoproach „ 

would be possible to further narrow o 0 wn the speofiaiv. 
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The d-ff.cu.ties associated with use of antibodies in immunoassays are numerous: (1) liability of the 
anobody protein^ (2, Changes in the speoificity of the antibodies from batch to batch and up Ts oraoe 3) 
O ff.cult.es o Mabehng w.th tracer. (4, High price. (5) Oifficuft.es in disinfection e.g. when prepenses 
6 Dena,ura.,on upon repeated elu.ion of the analyte. (7, Difficulties in imagination onto a solid support 
(8) B.valency of the ant.bodies is sometime disadvantageous support. 

Replacing of the antibodies with peptides might overcome some of the above difficulties m As 
compared w„h the ant.body. the peptide has no "conformation" which may be destroyed (tead no to an 
-nacnve protem,. (2) The batch to batch consistency of the peptide is much eas.er to control a cumpared 

rlVo" < IV ] V taCer ^ SymheSi2ed t096,her With ,he ending part of the pep .deT^ The 
pnce of synthet.c pept.des ,s typ.cally lower than that of antibodies. (5) The peptides are stable to hioh 
concentrate o organic solvent which may be used in disinfection. These solvent would destroy antibod es 
(6) Hav.ng no fixed" conformation, the peptides would not be destroyed by extended use. (7, The pep i de 
does no. need to be .mmobilized. It can be synthesized in situ on many type of supports 8 The TeZt 
' may be mono, di- or polyvalent as required. «wwis. W me peptide 

Inhibition ot immune cell migration by molecules that bind to and block the cell surlace receptors 
St " Ch t em0ta * iS M " the mp.ecu.es that are expressed on the eel, suriacT^^ 

ZLZ th TT 10 S " mUli - Th6Se Ce " SUrfaCe r6Cept0rs contro '- amo "9 ot"- phenomena a so 
~ Tr m 65 ^ ,0 be iden,i ' ied - C ' 0ned and puri,ied - 0nce the molecu.es c-oS 

TrZr m t r Pept,d6S WhiCh W ° Uld bind 10 them " Some of (he might have the abiiS o 

IZTfL Tl T Pt0f ^ thUS abr ° 9ate * he abHity ° f ,he Ce " S 10 respond *> »P"Hic stimut Such 
pept de ; could be used e.g. .n prevention of inflammation or prevention of graft rejection 

tJrT'Z 0 !^ 010 "' 0 T ' ymphocyte (CTL > funct ™ by molecules that interfere with binding of 
the CTL w,th the target cell. The first step in the lysis of target cells by CTL is binding of the CTL 
receptor to a specific receptor on the target cells. Coned and purified polypeptide chains o he CTL 

exXd th" 7. d h '° r SCreenln9 ° f 3 P6Ptide " brary tar pep,ides * the recap or t i 

expected hat some of the pept.des selected would be capable of inhibiting the ability of the CTL lo bind to 
the, targets. Pept.des that bind at the antigen binding site would inhibit the activity of specific CTL c one 

TZ:\TT r V bS T d th3t W0U ' d bind ° UtSide the ^tive site bu, still inhibit the ability of , he 
receptor to bind to .ts target. Such peptides could be e.g. inhibition of autoimmune responses 

Molecules that temporarily inhibit the multiplication of stem cells. Can be used in order to 
minimize damage to the stem cells during chemotherapy. 

Molecules that interact with both tumor cells and cytotoxic T lymphocytes (CTLs) therebv 
targeting the CTLs into tumors and enhancing tumor cell killing. The firs' s^p m Sof CTl Z 

ound on me CTlT n™* ^ ^ ^ " m6dia,ed by ^ -I. surface receptor 

Reel Z , I h h C h TL feCept0f b ' nd ,0 ,u ™ ^ens. expressed on the surface of tumor cells, 
tumor H , " P ° SSib ' e * ^ C ^ alS0 whe " ,h * CTLs bind ,0 the 

Z an 1 I'" 9 CU 6 6 ' 9 - 3 bifUnCti ° na ' amib0dy that reC0Qn - es < he CTL receptor and the 
I Zor T s J S,m " araCt,VI,y COuld be -ediated.by peptides having two sites:' one site that would bind ,o 

I Z T k. ?T 3nd 3n0ther th3t W0U ' d bind t0 ,he CTL fece P' or - Scree ™9 oi a peptide library 
for peptides capable of b.nd.ng each of the structures cou.d be performed as desenbed Once such 
peptide are found, they would be synthesized into a single polypeptide cha.n. or other w, S e chemici 
con,ugated and tested for the.r ability to induce specific lysis of the targe, tumor cells 

u^TTJ"*' ! meraCt ^ ^ inNbit the aC,Mty 0f Oogenic factors or their receptors 

oeoHdls TX T« an H° 9 ! n : C 3CtiVUy °' tUm ° rS - The 3PPr0aCh he ' e wouW be "Wtar to discovery of 
peptides which bind to and inhibit other cytokines 

zcS'T 65 th3t ^ mU " ip ' icati0n °' tum ° r Peptides may be d.scovered that inhibit .he 

T'Zn 't V T I P3rt,C,Pate " Synth6SiS ° f ,he Sy " ,heSlS °' ^ <* <ne ^cursors. The 

n 2 "bit °1 « 56 b3S6d ^ SCreeninQ '° r P6p,ides ,hat dind 10 ^ enzyme 

7t i , L ac, 7 ,y | Th f spec : , ' c "y » "-nor cells amy be mediated by ano.ner^ep.ide that would b.no ,o 
IZ n l r -s -nternalized fo.lowing binding of the pep.des thereby allowing the enzyme 

^ 'T" SP6C ,Ca " y in '° ' Um0f Ce " S - SuCh aPpr ° aCh " S —""V --sugafon u,ng 

F* w nl i comugated to ant.body fragments, e.g. see. Better. M.. Bernhard. S.L Lei. S.P 

R To ■ Carr °"- - and HOrW " Z - AH - " P0tent an "- D « "-cm A Cha.n trnmunocon- 
guatesjor Bacer.a.ly Produced Fab" and Flab",,.- Proc. Natl. Acad. Sci.. .USA. 90:457- 46 .. (.993). 

ves£/es enab ' e Pa$Sage ' he Ce " membrane or " e memorane 01 s °«°"™*' 

Enjyrne mmbilors 

Ant»sense iioiyiKi«:iooiido pn/\s 
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Molecules that enable passage through the blood-brain barrier 
Molecules that target functional groups into tumors fit/ wax, ni h.^h;^ . 
The functional groups may include: * * t "" t " n9 , '° Ce " U ' ar c °™P°™nts. 

toxins 

-- radio nuclides: For imaging and therapy. 

- Neutron capturing agents 

- Enzymes: e.g. glucose oxidase. . 

Mototes am ensue entolMtf passage Mough skin, upper resrtftuoy uxt „ lu „ gs 
inhibitors ol embryo implantation or development 

Molecules that would serve lor affinity purification of other molecule* rw ™ , 
pupation or recombinant (and native, proteins is affinity *J%X^'J^%£ IS? - 

ST^oTSST 1 f m ° n0Cl0nal antib0di6S - P6P,ideS C0UW be -lecte^hafsptci a y b nd 
"IT ° ? °' Ce - thus allow,n 9 '» Purification by affinity chromatography They miqbt alw a 

am ' b0dieS ^ - — « 5 ^rmntlg 3 
.mmohilization of cells (adherence of ce.ls to Peptide^^^ 

c7Z T TS n Tt ^ FemandeZ ' M C - MMe "'*- M S ' Chris <^ R B and MoZse "A 
Ce I Attachment Peptide From Human C-Reactive Protein." J. Cel. Biochem. 50:83-92 ( S Chen ' Y 
C.J.. Danon, T.. Sastry. L. Mubaraki. M.. Janda KD a nd LprnPr ra -r . t . 1 
Combinatorial Libraries." J. Amer. Chem . Soc 115-357-358 ,.S J. ,' > IT ^ 

the proteins are insulin and some growth factors. When the receotors nf th^ « «, • ■ 9 

mediated by interaction with any of the following- "npairea.) Activity 1S 

-Th. tfpri MMdudng molaaal.lsl: Prav 9 n,,o„ a, , clivatio „ o1 , h , m0 

pja»,„„on a, ,ha s.gna, aaasdaa.ian a, p.e.aa.ion „, lh9 KlivaMn 0 , „, « ' ec «»°' » 

ss: ot pa, " a " ° r ams9 °"' !,s ~ - - ■ - 

Angiotensin (types I and II), Biberotoxin; -Endothelin- Sarafom*in- R„ m K n , ^ 

ssrss? rr, cort,cotropin re,easing ££ 

~id^ k — v -no,ro P ,n: NPY . 

family. Natural peptides are no. convenient for use as drug The*' ar IT'T ^ ° P ' a ' e 

deliver, tend ,0 have short b,f .ives in me circu^oV 2? ^ itTSXH^*^ 
m.met.cs could be selected thai b-nd .0 the receptors of the natural oeot.d* L? spec,f,c "y Pe P" de 
b,o.ogical ac.iv,„ es . Since the „bra, y w 0u .d probab.y y.e.d seve a 00s sT P l rt , ama9 ° n ' 2e ' 

.ha. some of mem would be more su.tab.e .or use as allLT^l I ! ^ ' " ' S P ° SS ' b ' e 

u^e as drugs as compared «.ih ihe ongmal native peptide. 
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Affinity Reagent 



Peptides wh.ch bind to a targe, of interest are identified by their binding ,o an affinity reagen, An 
aff.ri.ty reagent ,s a chemical entity whose binding characteristics are similar to those of the taroet of 
.nterest and whose binding ,o a peptide (or ,o another reagen. which is bound to the peptide) causes a 
detectable physical or chemical change to occur. Typically, the affinity reagen. is a targe, molecule (or an 
analogue thereof), conjugated with a label, such as a radioisotope, a fluorophore. a colorophore an enzyme 
an enzyme substrate, or an electron-dense moiety. The label may be observable- directly or it may be 
detectable only by virtue of further processing. For example, a bio.mylated target molecule may be bound 
to the pept.de. then an enzyme-labeled avidin bound to the biotin tag. and finally the enzyme provided with 
a substrate, the enzymatic reaction product having a distinctive color. The preferred reagents have 
fluorescent or enzymatic labels. If the label is fluorescent, it is desirably rhodam.ne If the label is 
enzymatic, alkaline phosphatase is preferred. 

'5 Amino Acids and Peptides 

Amino acids are the basic building blocks with which peptides and proteins are constructed Amino 
acds possess both an amino group <-NH ? ) and a carboxylic acid group (-COOH). Many amino acids but 
not all. have the structure NH 2 -CHR-COOH. where R is hydrogen, or any of a var.ety of func.iona. groups 

Twenty am.no acids are genetically encoded: Alanine. Arginine. Asparag.ne. Aspartic Acid. Cysteine 
Glutamic Acd. Glutamine. Glycine. Hist.dine. Isoleucine. Leucine. Lysine. Methionine. Phenylalanine Pro- 
line. Senne. Threonine. Tryptophan. Tyrosine, and Valine. Of these, all save Glycine are optically isomenc 
however, only the L-form is found in humans. Nevertheless, the O-forms of these amino acids do have 
biological significance: O-Phe. for example, is a known analgesic. 

Many other amino acids are also known, including: 2-Aminoadipic acid: 3-Aminoadipic acid- beta- 
Am.noprop.on.c acid: 2-Aminobutyric acid: 4-Aminobutyric acid (Piperidinic acid): 6-Aminocaproic acid- 2- 
Ammoheptanoic acid: 2-Aminoisobutyric acid. 3-Aminoisobutyric acid: 2-Aminopimelic acid- 2 4-Oia- 
minobutyric acd: Desmosine: 2.2'-Oiaminopimelic acid: 2.3-Diaminopropionic acid: N-Ethylg.ycine- N- 
E hy asparagine: Hydroxyzine: allo-Hydroxylysine: 3-Hydroxyprol,ne: 4-Hydroxyproline: Isodesmos.ne- 
aHo-lsoleucne: N-Methylglycine (Sarcosine): N-Methylisoleucine; N-Methylvaline: Norvaline: Norleucine- and 
Ornithine. 

It has been found to be convenient to assign each of the amino acids used in the libraries 
disclosed herein an ID number lor greater simplicity ot reference. These ID numbers appear in Table 

Peptides are constructed by condensation of amino acids and/or smaller' peptides. The amino group ol 
one ammo acd (or peptide) reacts with the carboxylic acfd group ol a second amino acid (or peptide) to 
form a pept.de (-NHCO-) bond, releasing one molecule of water. Therefore, when an amino acd .s 
incorporated into a peptide, it should, technically speaking, be referred to as an amino acd residue . 

"0 Pep.ide Synihesis: An Overview 

In a standard "Mernfield" synthesis, a side chain-protected am.no acd ,s coupled by its carboxy 
terminal to a support material.such as a resin. A side chain and ammo terminal protected amino acd 
reagent -s added, and -ts carboxy terminal reacts with the exposed ammo terminal of the insoiubii.zed 
ammo acd to form a peptide bond. The amino terminal of .he resul.mg peptide is then deprotected. and a 
new ammo acd reagen. is added. The cycle is repea.ed until the des.red peot.de has been syn.hes.zed 
f-or an overv.ew of techniques, see Geisaw. Trends. Biotechnol.. 9:294-95 (i99i) 

In the conventional application of this procedure, the amino acd reagen, , s made as pure as ooss.ble 
However. ,1 a m.x.ure of peptides ,s des.red. the ammo acd reagen, employed * one or more of .he cycles 
may be a m.x.ure ol ammo acids, and .his mixture may be the same or different, from cycle to cycle. Thus 
^f A.a were coupled to the resin, and a m.xture of G.u. Cys. His ano Phe were added, the d.pep.ides A.a- 
Glu. Ala-Cys. Ala-H.s and Ala-Phe w.ll be formed. 

When, dunng a syn.hel.c cycle, a pure am.no acd ,s added. :he resul.mg res.due m the oeot.de 
molecu.es be.ng syn.hes.zed .s called a cons.an, res.due. ,f a m.x.ure of am.no acds -s employee, me 
added residue .s called a vanab.e res.aue. The component ammo eoos of ,ho m.x.ure wh.ch are me on,, 
a.mno acds wh,cn can occupy .hat var.abio residue pos.tion. are ca.ieo .he ol .ha. var.aoie rescue 
The se, .or one var,ab,o res.due may bo d.t.eren, from ,ha, of me no,., one When any of .he rescues 
added du..ng me syn.hes.s ol a pept.de . s a va.-abie res.due. so ma, c, /: ,,, v ,, s d( ,„ h . iiaIelv „ o0ll!:cs . 
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Peptide Library 

5 

all of the genetically encoded amino acids exceot cvstem* t^Z^ ^ ■# u-,- 4 ' (b) 

crosses, (c, a„ or the generally encoded LTno^ a ^Z^ Zl^Z TT 
occurnng amino acids (including, e.g.. h y drox ypro ,ine>: (e) a., hydrophilic am"o adds a h!lS 

ammo ac.ds: (g, all charged amino acids; (h) all uncharged amino acids- etc The oentidl « h 

■nclude branched and/or cyclic peptides P ptlde l,brary ma V 

peptides. whi,e ,0* beads would carry 6 » lO^JUT W ° U ' d 6 X ,0 " 

most preferably at leas, to" unique sequences. A diversity of ,0" would be achieved Jt , * beads each 

30 of rn^tlTh 96 Sa T' in9 leVe '" ° f ' ibrary iS ,he Size divided b * ,he diversity, i.e.. the average number 
or molecules having the same peptide seauenrp Proforahiw »*, ' avefdye numoer 

While the peptide library may include di- tri- and tetranpntiHoc th * ^ 
oeotides is fi^P Amino a riHc tu- 1 • ^ " ' tetrapeptides. the preferred minimum length of the 
pepuaes is five amino acids. There is no definite maximum length. 

Structured Peptide Library ' 
jo ~ ~ ~ ' ' 

is c «o srz rr n of beads (or — ,s) 

subset of the allowed universe o, J^n.^ ' S ™« » > ~ d 

Such a ,ibraf y 15 l°<™* °y stepwise synthesis of the peptides on the beads by a protocol which 
includes one or more "structured random" addition cycles (Ootion a ii u „ - proiocoi wn.cn 

or "nonrandom". cycles may be utilized as well ) Anally, one or more unstructured random". 

eJasTTT^e^Z" ^ 'r^" 3 V3riab,e f6SidUe ' S 3dded - but so ™ de 9-e of control is 
exercised as to wnicn beads receive which ammo acids of thp *pi a , - 

growing peptides of the library are reacted S pure amino aid air CyC,e 15 one in wh ' ch a " 

» random" cycle Is one in which they are all reacted with a " m ^ T re39en ' " unsUuclured 

including , amino acids belong^ the se^edtr L~ZT e rea9en '" " " 

In the simplest form ol "structured random cycle " the beads * ro . m , 

number of amino ac.ds .n the set ol that var.able res.due Each ■ qU °' S - " * *° 

one. o. those N d.fferen, amino ac.ds ^TZ^To^^ ' * N9 ** ^ ** °^ 
■ ,den, ; ca, am.no acd at the var.able res.due pos.^' In VcT "n^ScS? £ "* 

res,due position, considering the „ary as a' wlT ^ 
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into aliquots. A. B. C and D, which are reacted with mixtures A* (AAs 1-25). B* (AAs 26-50), C* {amino acids 
51-75) and 0* (amino acids 76-100), respectively. This is an example of a "partly structured" cycle. 

The number of different aliquots to which a bead may be assigned during a particular structured cycle 
is the "partitioning factor" for that cycle. The number of different permutations of aliquot assignments which 
5 an individual bead may experience as .the library is synthesized is the "library partitioning factor", the 
product of the partitioning factors for the individual cycles (the partitioning factor for an unstructured cycle is 
unity). The expected number of beads in the library that will have been subject to a particular sequence of 
aliquot assignments in the partitioning steps (B^is the total number of beads in the- library (BJ, divided by 
the library partitioning factor. B L * is preferably at least one. more preferably at least two. still more 
w preferably at least ten. 

If there are 10' beads in the library (B L ) and there are three structured cycles, each with a partitioning 
factor of 100. the library partitioning factor is 10 6 . and B L 'is 10. If four structured cycles were employed, a 
partitioning factor of 100 per cycle would be too high: a factor of about 90 would be acceptable (90* =7.43 
x I0 6 ). If a larger number of beads could be screened, the library partitioning factor could be increased, 
/s The expected number of identical peptide molecules on a single bead (M 0 ') is equal to the expected 
number of peptide molecules on the bead (Me) divided by the expected diversity of the bead (D B ). The 
diversity factor (D B ) for the bead is the product of the diversity factors for that bead for each residue of the 
peptide. In an unstructured random cycle, the cycle's diversity factor is the same for both bead and the 
library, i.e.. the number of different amino acids in the corresponding reagent. In a structured random cycle. 
20 the cycle's diversity factor for a bead is the number of different amino acids in the reagent reacted at that 
time with that bead ( for a fully structured cycle, it is unity ). 

The number of peptide molecules which may be carried by a single bead is a function of the surface 
area of the bead, and the number of potential simultaneous peptide attachment sites on that surface. The 
method of the present invention requires that this number (M Q ) be at least two (which would be technically 
25 feasible only if a single peptide molecule could be detected and sequenced, and which would allow only 
two different sequences per bead). For practical reasons, M Q is at least 10 2 . preferably at least 10 3 . more 
preferably at least 10 6 , still more preferably at least 10 9 . even more preferably at least 10' 2 . Examples 1-4 
assume a value of 6x10° molecules/bead. 

The number of beads in the library (B L ) is limited only by the number of beads which may be screened. 
30 Preferably, at least 10 7 beads, more preferably 10 8 or 10 9 beads, are screened. It is likely that mechanical 
assistance would be required to effectively screen a larger number of beads in a single library. 

The number of binding peptides which must be carried by a single bead for the binding assay to be 
able to determine whether those molecules specificaHy bind the affinity reagent is a function of both" the 
degree reagent, and the sensitivity of the assay. Preferably, the assay requires no more than 10 7 , no more 
35 than I0 6 binding molecules, per bead, for identification. Also, it is preferable, that no more than ten. more 
preferably no more than two. still more preferably no more than one such bead is needed for detection. 

The maximum potential diversity of the peptide library is a function of 

(a) the number of peptide molecules which may be carried by a single bead. 

(b) the number of beads which may be screened. 

40 (c) the number of binding peptide molecules which must be carried by a single bead for the binding 
assay to be able to determine whether those molecules specifically bind the affinity reagent. 

(d) the number of at least partially identical peptide molecules which must be carried by a single bead 
for the common portion of their amino acid sequence to be sequenceable. and 

(e) the required level of statistical confidence that essentially all theoretically synthesized peptides are 
J5 actually present in detectable and sequenceable amounts. 

It will be recognized that the person of ordinary skill will take advantage of advances in the 
binding assay, peptide synthesis, and peptide sequencing arts so as to achieve a higher level of 
diversity in the library. Consequently, wtuie tor the purpose of calculations demonstrating the 
feasibility of the present invention, it may be assumed that 1& - i(F peads may be screened 
so manually, that 6 X 10" peptide molecules may be packed on a single beadrthat itf molecules are 
required for detection of binding, and that W pmoies of peptide (about IS X /0 J hexapepude 
molecules) are required for sequencing, these limitations should not be imposed on the scope of the 
present invention if they become technologically obsolete. 

The first limitation on the diversity ol the library »s the number of oeonoe molecules m it This is eouai 
55 to the number of beads m the library, multiplied by the number of molecules oer bead. Thus, if there are 
i0' beads, and G < I0' ! peptides per bead, there aie 6 x i0-- peptide sr---*cu ~:i m iho library 

The secono limitation is imposcn bv the detection technology .-v ;n in occur, ".here mus; o~ 

...m; or more beans each ol wiutn heats a minimum n U innci of menu -a: :>:•:.: molecules -.vmch ha-/«? 
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desired b.nd.ng property. For example, if the detection technology requires one positive bead and at least 
10 molecules on that bead which have the appropriate sequence, the maximum permissible diversity 0 f 
the l.brary is (6 x io*>/io» = )6 x 10" different peptide sequences. Thus, such a library might be a 
pentapept.de library, with 500 different amino acids at each position (500 s <6 x lO'^). a hexapeptide library 
w,th nearly 200 different amino acids at each position (200 6 = 6.4 x 10"). an octapeptide library with over 
40 different ammo acids at each position (40" = 6.6 x I0' J ). 

The diversity of a single bead is also limited. If there are 6x10' 3 attachment sites, and 10' identical 
peptide molecules are required for detection, the maximum bead diversity is 6x10',- 

Each unstructured random cycle increases the diversity of a single bead, as well as of the library by its 
diversity factor. Each fully structured random cycle increases the diversity of the library but hot the 
diversity of the bead. A bead diversity limit of 6x10' would be approached by three unstructured cycled of a 
little less than 400 amino acids each, four unstructured cycles of almost 90 amino acids each and so forth 

In the example above, there would be no advantage to adjusting the relative number of structured and 
unstructured cycles. With two structured and four unstructured cycles of 100 AAs each, there would only be 
(BxlO'Vioo* =)6x10= molecules of each peptide sequence on each bead, below the assumed detection 
limit of 10*. With four structured and two unstructured cycles of 100 AAs each, there would be 100* (= 10 s ) 
different permutations of bead partitions, but Only 10' beads, so that the expected number of beads 
subjected to a given series of four aliquot assignments would be only 0.1. not at least 1.0 as is desirable 

However, if our underlying assumptions are changed, the relative merits of structured and unstructured 
cycles also change. If. for example, the peptide density on the bead were higher, or the detection limit 
lower, the number of unstructured cycles could be increased. If the number of beads were higher more 
structured cycles would be feasible. And finally, if fewer amino acids were used in each cycle, there could 
be more cycles, structured or unstructured. 

The amount of peptide required for sequencing by present technology is 10 pmoles. which corresponds 
to about 6xlO' 2 molecules (hexapeptides). If the diversity on a single bead were limited to that required for 
sequencing the entire peptide at once, the approach would be of marginal value. With 6xl0 13 molecules per 
bead, the diversity would be limited to (6x1013/6x10'2 = )10. However, the present method contemplates 
that only a partial sequence is determined initially. 

Thus, the peptides of the initial library consist of a first familial portion and of a second individual 
portion. The first portion, which usually comprises one to five, preferably three amino acids, is common to 
(or of limited vanability among) all peptides on a given bead. The remainder of the peptide sequence is the 
portion which fully or primarily distinguishes it from the different peptide sequences carried by the same 
bead. 

In the subsequent sublibraries. each peptide may be characterized as having a first portion which is 
universal." i.e.. possessed by all peptides in that sublibrary. a second portion which is familial to all 
peptides on a single bead of that sublibrary. and a third, individual portion. It is only necessary that each 
possible residue of the familial subsequence on the active Bead be present in a sequenceable amount If 
there are 100 pmole per bead, and 10 pmole is sequenceable. there could be up to ten different amino 
acids (each at 10 pmole) in a given residue position among the peptides on a single bead. If the residues of 
the familial subsequence are variable residues, several secondary will be studied to determine which of the 
familial subsequences belonged to an active peptide of the primary library. 

During synthesis of the familial portion of the peptide, in each cycle in which a variable residue is to be 
added, the beads are divided into N aliquots. where N is the number of amino acids in the set ol that 
vanabie residue, i.e.. the number of different amino acid reagents used in that cycle if the cycle is fully 
« structured. Each aliquot of beads is reacted with an amino acid reagent providing one. and only one of the 
ammo adds of the set. This is conveniently done in N different reactors. The aliquots are then pooled More 
typically, an encoding factor of two is used, so each aliquot is reacted with a m.xture ol two different am.no 
ac.d reagents. 

If. however, the variable residue to be added is within the individual portion of the peptide, a m.xiure of 
so all the ammo ac.ds ol the set .s added to all of the beads. A 

A library may include peptides of different lengths. Such a library may be constructed by mod.ly.ng one 
or more structured cycles so that one of the al.quots is not reacted w„h an am.no acid Alternately ,n any 
random cycle, the reagen. may compr.se a m.xture ol amino acids and oligopeptides. Either way a hbrary 
may be formed hav.ng pepi.des of different lengths but w.th a common familial ponion 
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Beads 

The term "beads" is not intended to be limited to spherical particles, but includes any small, discrete, 
solid elements upon which a structured peptide library may be synthesized and screened. Thus, the 
5 "beads" must be formed of a material with which peptides can be conjugated, and which is not 
substantially bound by the affinity reagent In addition, the beads must be capable of being divided into 
aliquots and pooled back together, as described above, and of being separated later: during the screening 
process, according to the ability of their conjugated peptides to bind an affinity reagent. 

Preferably, the beads are made of aminomethylated polystyrene crossiinked with divinyl benzene. Other 
to potentially suitable materials include Tentagel (polyethyleneglycol modified polystyrene cross linked with 
divinyl benzene). The suitability of other support materials for use in the present invention may be evaluated 
against the following criteria: 

a. The ability to synthesize peptides on the beads: The beads should be stable for all the solvents used 
in the peptide synthesis. 

/5 b, They should contain a free amino group, or a suitable stable but cleavable linker. However, it should 
be noted that a cleavable linker is not required. 

c. The beads should be mechanically stable during synthesis, screening and handling. 

d. The size of the beads should be large enough to allow manual handling, or whatever alternative 
handling means is contemplated. 

20 e. The peptide capacity of the bead should be at least 10 pmole of peptide per bead, or whatever lower 
limit is rendered feasible by advances in sequencing technology. A capacity of about 100 pmole is 
preferable. 

f. The beads should display a low degree of non-specific adsorption of ligands of choice and of proteins 
in general. (These criteria should not be considered absolute requirements.) 
25 Beads which may be tested for suitability include: 

Amino methyl PERSEPT1VE beads: (Perseptive, Cambridge. Massachusetts. USA). 

Beads based on the polymer TSK gel (TosoHaas. in Stuttgart, Germany). 

Matrix based upon FastFlow Sepharose (Pharmacia Uppsala, Sweden). 

The number of peptide molecules which may be placed on a given bead is a function of the surface 

30 area of the bead and of the number of reactive sites per unit area. While there is no definite lower limit on 
carrying capacity, the number of peptide molecules per bead is one of the factors limiting the potential 
diversity of the library which can be reliably screened (i.e.. so that one may with reasonable confidence 
assume that all of the peptides which were theoreticaHy expected to be produced were in fact produced in 
detectable amounts, and, if screening were negative, assert that none of the expected peptides had the 

as desired affinity for the target). Nor is there a definite upper limit on carrying capacity, however, if the 
reactive sites are too closely spaced, it is possible thaf there would be stearic hindrance of binding. 
Preferably, the bead has a diameter of 50 to* 500 microns, (e.g.. 100 microns). The bead is preferably able 
to carry at least 25 pmole peptide, more preferably at least 100 pmole peptide. 

Since the packing efficiency (beads per unit volume of reactor) decreases with increasing bead 

jo diameter, it is desirable to use smaller beads. The number of beads per unit volume of reactor is' directly 
dependent upon the volume of each bead, assuming that all the beads in question are spherical. The 
volume of each bead is proportional to the third power of the bead diameter. The beads are porous, and the 
peptide is expected to be synthesized throughout the bead volume. The capacity of the beads (the amount 
of peptide on the bead) is therefore expected to be directly proportional to the bead volume and thus 

js directly proportional to the third power of the diameter. Thus, if you increase the diameter of the bead from 
100 to 200 microns, it is expected that: 

a. The number of beads per unit volume of the reactor would be 8 fold lower. 

b. The peptide capacity of each bead woufcTbe 8 fold higher. 

The total peptide capacity- per reactor volume would therefore be constant. A 

50 

Alternative Supports 

The structured oligomer libraries of the present invention may be adapted to libraries m which peptides 
are displayed on supports other than beaos. However, the supports must be individually addressable, so 
that an individual suppou element rj.spiays a known family of oligomers, having a substantially common 
subsequence whose sequence is determinable when the* individual si.ooon oiemem is o/ammen 

One example is an aoaptanon oi ihe iighHitiocieo. spanaiiy a :a-essao:o oaraiiei cnem.ra* symros's 
method Of Podor t.M <'i' SdOnco 2'j I 7f>7 M99D In F-vjoi'S moiho". Svnihr-S=S ocomS on a :-v,n s..:::?or; 
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activation results from the removal of photolabile pr^naZJsla^Tt " " C ° UP " n9 This 
exposed to the addition reagent which reacts onl n h ~n« °V " lum '"ated area. The support is 

The substrate is then nominated through a second mask wTI ^ T 7 ^ ° f the mask ' 

strategies are used to form a laroe number Tt T ^ Combina '°"a' masking 

in th. M f^l, ITTJ'h " 3 Sma " °' Chem,Ca ' St6pS - 

separate 

surface is then divided into twenty horizontal strioes whirh .« • V ° 3C ' dS - The 

est- - as saia ■ J ° a J^ssi^i; 

The result of the combinatorial masking strategy is the former. n i , ., „ 
distributed across the support. However, in any given - ynthes s Tree" i 1 \ 9 T' °' COmpounds ' 
support, one product predominates 1 '• 9 " 3 common| y >^ated area of the 

-cL^ * to one or more r 0U nds of 

peptide. us.ng Fodo.s method The J "is hat wTt n T^Z"T TV**" * ^ 
sequence, but rather a family of related peptides ha^To a cnT ^ * * ^ Pef>Me 

carboxyterminal. 9 3 C ° mm ° n ammo ,erm,nal - and a herterogeneas 

the ^1T^XTZ1Z:Z ^T^r T term,nal ' as the sequence of 

Screening 

P^fyTcrr^ -ads to an affinity reagent as 

reagent. Excess reagent is removed and a LZ 5 9 PeP, ' deS h3VinQ 3 " a " ini,y f ° r ,he 

distingu,sh the interacting beads r 0 m , he pasZ bea d s; ^ °' * ^ Chan9e ' ' S '° 

The interacting beads are then removed either manual^ n , k„ 
presence of the reagent, or the generation of the sLTm " ° X Wh ' Ch ^ ei ' hef ,he 

which comprises magnetic beads coupled to anUbodS or 2^™" T" 9 ^ * emptoyed 
reagent. For examp.e. if the affinity reaqemis a rabh» in. T ? J 3 m ° ,eCU ' es) which bind < he 
coupled to goat anLbbit antibodies Pre el y STZSSZ^2\ "° » 
that of the library beads, so as to reduce the risk of 2 Z T 1 ™ SS substam,al| y lower than 

iti Ln::e\^^zi° z;zi:::t r ers as we,L urge and ii9ht ^ 

This is due to larger drag forces a fectino The I T , ^ ^ the Same mass ' 

beads ava„ab,e on the ar cZseV de ' ate oolv^T ^ °' "* m39ne " C 

den S , tl es s,nce they vary in the amount ola^S^^^,^^-^ * h3ve S ' m " ar 
the MACS from Beckton and Dickins.on ut„i 2es « 1 " , T ma9ne " C 
powerful magnet. Lesser machines, hav.ng ,es power M maonet use h IT™ 8 * ° 3 ^ 
that beads w„h about , m.cron d.ameter VClTTi ^ ? ^ ^ ' 

Rather than use separate sorting and alfimty reaoents it i<; n n ^.^ , 
m,m,cs the target of interest and therefore b.nds the peptdes di ecS! Z ■ T'" 9 M 

the bead by the son.ng reagent. 7 The s,gnal ,s ,hen ,he ^aranon of 
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Sequencing 



"Positive" beads {those which carry binding peptides) are collected and individually sequenced While a 
var.ety of sequencing techniques are known, all contemplate (a) cleaving off a single amino acid from one 
end of the peptide, (b) collecting and identifying the released amino acid, and (c) repeating steps (a) and (b) 
until the entire peptide has been sequenced, or further sequencing becomes impractical. Normally 
sequencing is performed only on homogeneous peptide preparations. However, while -a single bead bears a 
-m.xture of peptides, all of the peptides of that mixture have a common terminal portion, the "familial- 
portion, which is sequencable. 

The "familial" portion of the peptides of the library may be the amino terminal portion, in which the 
sequential degradation must begin at the amino terminal, or it may be the carboxy terminal portion, in which 
case sequencing begins at the carboxyl end of the peptide. 

The primary sequence of amino acids in a peptide or protein is commonly determined by a stepwise 
chemical degradation process in which amino acids are removed one-by-one from one end of the peptide 
and identified. In- the Edman degradation, the N-terminal amino acid of the peptide is coupled to 
phenylisothiocyanate to form the phenylthiocarbamyl (PTC) derivative of the peptide. The PTC peptide is 
then treated with strong acid, cyclizing the PTC peptide at the first peptide bond and releasing the N- 
termmal amino acid as the anilino-thiozolinoe (ATZ) derivative. The ATZ amino acid, which is highly 
unstable, is extracted and converted into the more stable phenyithiohydantoin (PTH) derivative and 
identified by chromatography. The residual peptide is then subjected to further stepwise degradation. 

For carboxy terminal sequencing (of peptides synthesized with their amino terminal coupled to a 
support), the cleavage reagent may be a carboxypeptidase. 

The present invention is not limited to any particular method of sequencing; however the method 
chosen must be reasonably capable of identifying the sequence of the familial portion of the family of 
peptides on a single bead. 

Sequencing of branching peptides 

The N-terminal sequencing procedure is standard. The difficulty is in identification of the correct 
structure. If we know that a certain peptide is branched and we know the degree of branching (biantenary 
triantenary. etc.) and its location relative to the sequence, we would be able to deduce the correct structure 
based upon data collected from the N-terminal sequencing and our knowledge of the secondary synthesis 
approach. However, if we allow a library to contain Both linear and branched peptides, or if in a branched 
library we would allow random branching, it would be very difficult to guess the structure based solely upon 
sequence information coupled with a limited number of secondary libraries. 

The best approach would probably be to design independent linear or branching libraries and to design 
each branching library with a single architecture. 

The utilization of the full potential of the branching approach would be dependent upon use of N- 
terminal orthogonal protection of each branch. Otherwise, many possible structures would fail to appear 
within the library. 

Sequencing of eye tic peptides 

Sequencing of cyclic peptide produced by intra-chain cystine formation is straightforward, following 
reduction of the disulfide bonds. With some forms of cyclization. determination of N-termmal sequence by 
Edmann degradation is not possible and thus the cyclization approach would have to be accompanied by 
an encoding procedure. 

Encoding A 

Certain amino ac.ds (e.g.. serine, h.st.dine) are difficult to ident.fy by the standard procedures, either 
because the AA are destroyed by the Edmann degradation procedure or because adequate references for 
their .oentification are not available. This problem may be overcome by any of several means: 

(a) increasing the proportion of the difficult am.no acids m mixed am.no ac.d reagents usea m the course 

ol peptide synthesis: 

n» use ol more than one sequencing p.ocedure: an ammo acid which ;s difficult to analyse by one 
procedure may be easier to detect by another 
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(c) labeling difficult amino acids with a detectable but non-interfering label prior to adding them to the 
nascent peptide during peptide synthesis: and/or 

(d) in the substitution set for a given residue position in the peptides of a single bead, partnering each 
difficult-to-sequence amino acid with a readily sequencable amino acid ("encoding"). 

5 Alternative (a), while conceivably workable, would create an imbalance in the structure of the intended 

library. 

Alternative (b) requires splitting the bead in two and subjecting each half to a different sequencing 
procedure, since these procedures are destructive. x * 

Alternative (c) is practical if the label is non-interfering and is not modified adversely by the synthesis or 
jo sequencing procedure. 

Alternative (d) is preferred, and deserves further explanation. Consider a bead in a peptide library which 
bears peptides having the sequence 
Fi - f?2 - F3 - U - Is - l 6 

where F n are "familiar residues and ! n are "individual" residues. Under normal usage, the "F" residues are 
unique for a given bead. Suppose, however, that one or more of F n are difficult-to-sequence amino acids, 
such as Tryptophan. If so. then the sequencing of the peptides on this bead will not yield useful results, as 
the amino acid in that position would be undetermined. While one could exhaustively test ail the 
possibilities, there is an alternative. 

Suppose that only F, was Tryptophan. One could instead structure the library so that on this bead. F, 
was either Tryptophan or an easy-to-sequence amino acid, such as glycine. If this bead were found to be 
positive, amino-terminal sequencing would reveal the sequence 
Gly - F 2 - F 3 

for the first three amino acids of the peptides on the bead. The actual binding peptide could by Gly - F 2 - 
F 3 , or it could be Trp-F 2 - F 3 . The answer would be determined by screening a secondary library which 
25 corresponds to the family of peptides found on this positive' bead. 

A typical usage of "encoding" would be in screening O-amino acids, as conventional sequencing does 
not distinguish 0- and L-forms of the same amino acid. Technically it is possible to separate using a proper 
column, between 0 and L amino acids, or in a pure chiral solution to determine their optical nature 
However, allot the known methods need much larger amounts of material for analysis than are obtained 
when sequencing a single bead. Thus, it is impractical to determine the chiral identity of the sequenced 
amino acids from individual library beads. Another use for "encoding" would be to distinguish Glu from Gin. 
or Asp from Asn. 

Thus, according to our strategy we incorporate in the "familial" positions (e.g.. 1-3 from the N-terminus) 
of the primary library, two amino acids. The amino acid, pairs are selected' so that each "difficult" amino 
acid is paired with an "easy" one. When sequencing is performed, the signal generated by the "easy- 
ammo ac.d indicates the existence of the "difficult" one even though it is not registered by the sequencer. 

In short peptides, the N-terminal might influence the activity of the peptide, e.g. When the peptide is 
composed of mostly hydrophobic amino acid residues, the hydrophilic primary amine of the N-terminal 
might disrupt the peptide activity. However, it is not possible to sequence N-terminal blocked peptides by 
<»o Edmann degradation. 

The encoding strategy may be used to analyze the structure of N-terminal modified peptides. In the 
final synthesis cycle, we use a mixture of FMOC protected <a-amine blocked by FMOC) and blocked (a- 
am.ne blocked- with acetic or benzoic acid) ammo acids. Upon sequencing, the signal obtained from the N- 
termmal ammo acid implies the existence of the blocked N-terminal amino acid which is stable to the 
j5 Edmann degradation. 

Non-Peptide Libraries 
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Polymers other than peptides may be used in the structured librar.es of the present invention prov.ded 
(a) they can be synthesized, in a manner permuting "structuring", (b) when so presented, they are bindabie 
by a target material, and (c) the polymer molecules on a single bead may be sequenced, at least partially. 
Suitable polymers include peptoids. nucleic acids, and carbohydrates. 

it should be noted that if a particular type of polymer cannot be sequenced readily, it can be studied 
indirectly by means of an "encoding" strategy m wh.ch the beads carry both peptides and the non-pept.de 
polymer. Cf. Brenner and Lerner. "Encoded Combinatorial Chemistry." PNAS (USA). 89:5381-83. (1992) 
who disclose chemically linking a "genetic tag" (amphfiable by PCR) to a oolymer which .s not useif 
generally encoaawo The pept.de need not. however, be chem.caliv linked lo [he non-pept.de oolymer -r, 
me p.esem memod For example. a i.b.ary may be structured so mat on a given bead, there .s a s.nao 
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peptide sequence, and a family of related nucleic acid sequences. Sequencing the peptide then identifies 
the nucleic acid family. 

It may be desirable to present difficult-to-sequence polymer libraries by our adaptat.on of the liqht- 
d.rected. spatially addressable parallel chemical synthesis method of Fodor. et aL. as the familial sequence 
5 is then indicated by the spatial address. 

Peptoids are peptide analogues in which the peptide bond (-NHCO-) is replaced by an analoqous 
structure, e.g., -NRCO-. See Simon, et aL P.A.. "Peptoids: A modular approach to drug discovery • Proc 
Natl Acad. Set USA 89:9367-9371, 1992, and c.f. Gilon. et al. "Backbone evaluation: A new method for 
conferring conformation constraint on peptides." Biopolymers 31:745-750. 1991. When the polymer is a 
io peptoid. it may be synthesized as described in the Reference Example. In general, these peptoids are 
sequenceable just as pept.des are. though the sensitivity or accuracy may be different 

When the polymer is a nucleic acid, conventional ONA or RNA synthesis and sequencing methods may 
be employed. The usual bases are the purines adenine and guanine, and the pyrimidines thymidine (uracil 
for RNA) and cytosine. However, unusual bases, such as those listed below, may be incorporated into the 
/s synthesis or produced by post-synthesis treatment with mutagenic agents. 

4- acetylcytidine. _ „ 

5- (carboxyhydroxylmethyl)ufidine. 
2'-0-methylcytidine. 

5-carboxymethylaminomethyl-2-thioridine. 
20 5-carboxymethylaminomethyluridine. 

dihydrouridine. 

2'-0-methylpseudouridine. 

beta.D-galactosylqueosine 

2'-0-methylguanosine. 
2S inosine. 

N6-isopentenyladenosine. 

1-methyladenosine. 

I -methylpseudouridine. 

1- methylguanosine. 
30 1-methylinosine. 

2.2-dimethylguanosine. 

2- methyladenosine. 

2- methylguanosine. \ 

3- methylcytidine. 
35 5-methylcytidine. 

N6-methyladenosine. 
7-methylguanosine. 
5-methylaminomethyluridine. 
5-methoxyaminomethyl-2-thiouridine. 
•*o beta.O-mannosylqueosine. 

5-methoxycarbonylmethyluridine. 
5-methoxyuridine. 

2-methylthio-N6-isopenteny [adenosine. 

N-((9-beta-D-ribofuranosyl-2-mehtylthiopurine-6-yl)carbamoyl)threonme. 
45 N-((9-beta-0-ribofuranosylpurine-6-yl)N-methylcarbamoyl)threonine. 
uridine-5-oxyacetic acid methylester. 
uridine-5-oxyacetic acid (v). 
wybutoxosine. 
pseudouridine. 

so queosine. A . 

2-thiocytidme. 
5-methyl-2-thiouridme 

2- thioundme. 

4- lhioundme. 

55 5-methylundme. 

N-((9-beta-O-ribolufanosylpur,no-6-y0ca.oamoyl)threoniMe 2' 0-methyl-5-methy!ur.d.ne 
2"-0-methyiur«aine. wybiiiosme 

3- (3-arnino- 3 cai boxy propyl Jwru.iino 
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DNA may be synthesized by the stepw.se addition of nucleotides to a nascent chain. The first steo of 
the synthesis may be the coupling of a nucleoside, via a succinyl linkage, to a suitable support such as 
cellulose. This nucleoside represents the 3' end. Chain elongation proceeds from T to 5': each cycle beino 
composed (in one conventional method) of the following steps: 
s (1) Selective deprotection 

For example, if the 5'-hydroxyl is protected by a dimethoxytrityl group, it is removed with acid 

(2) Condensation 

A protected nucleotide is coupled to the exposed 5' end. The protected nucleotides may be 5'-0- 
d.methoxytrityl-N«-(benzoyl)-2'-deoxyadenosine. S'.dimethoxytrityl-N*.(anisoyl)-2^eoxycytidine S'-O- 
•o dimethoxytrityl-NMN'.NVdi-n-butyl formadine)-2'-deoxyadenosine. and S'-O-dimethoxytrityl-N^pro- 
pipnyl)-0 6 -(diphenylcarbamoyl)-2'-deoxyguanosine. 

(3) Capping 

Unreacted 5'-hydroxyl groups are protected, e.g.. by acylation. 

The traditional method for DNA sequencing by chemical cleavage depends on the parallel execution ol 
four base-spec.f.c or base-selective modification protocols and the parallel electrophoretic resolution of the 
hydrolysates .n four lanes. It is also possible to analyze DNA based on a single base modification 
procedure. ,f .t produces some degree of backbone cleavage at all bases in the DNA but the rates of 
cleavage at the four canonical bases (A. T. G. C) are clearly different.. See Ambrose and Pless Meth 
Enzymol.. 152:522 (1987) (modification with 0.5M aqueous piperidine. 0.3M NaCl. 90 'C pH > 12 5 hrs) 
20 The single reagent method is faster but less accurate. 

Polysaccharides are larger polymers of monosaccharides in a branched or unbranched chain Oligosac- 
chandes are shorter polymers of monosaccharides, such as di-. tri-. tetra-. penta-. and hexasaccharides For 
the sake of convenience, the term "polymeric carbohydrate" will be used to cover both poly- and 
oligosaccharides. 

Monosaccharides in a polymeric carbohydrate library may be aldoses! ketoses. or derivatives They 
may be jetroses. pentoses, hexoses or more complex sugars. They may be in the D-or the L-form Suitable 
O-sugars include D-glyceraldehyde. D-erythrose. O-threose. D-arabinose. D-ribose. D-lyxose D-xylose D- 
glucose. D-mannose. D-altrose. O-allose. D-talose. D-galactose. D-idose. D-gulose. D-rhamnose and D- 
fucose. Suitable L-sugars include the L-forms of the aforementioned D-sugars. 

A sugar hemiacetal may be reacted with a hydroxyl group of another sugar to form a disaccharide and 
the react.cn may be repeated. For carbohydrate synthesis methods, see Kanie, 0. and Hindsgaul 0 
"Synthesis of Oligosaccharides. Glycolipids and Glycopeptides." Curr. Qpin Struc. Bio 2-674-681 (1992)' 
For sequencing, see Y.C. Lee. "Review: High-Performance Anion-exchange Chromatography for Carbohy- 
drate Analysis." Anal. Biochem. 189:151-162. (1990); Maley. F.. Trimble. R.B.. Tarentino. A.L.. Plummer 
T.H.. "Review: Characterization of Glycoproteins and Their. Associated Oligosaccharides Through the Use of 
Endoglycosidases." Anal. Biochem.. 180:195-204. (1989): and Spellman. M.W.. "Carbohydrate Characters- 
t.on of Recom.bianant Glycoproteins ol Pharmaceutical Interest." Anal. Chem. 62 1714-1722 (1990) 
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Special constructs which have been described recently include: 

Hybrid Polypeptide/Nucleic Acids: In this type of amino acid derivative, the R group of the Ca is a 
nucleotide res.due. The backbone may be a regular polypeptide and thus we assume that there should be 
no difficulty ,n synthesis and in Edmann degradation. See Meier. C. and Engels. J. W. Peptide nucleic acids 
(PNAs) - Unusual properties of nonionic oligonucleotide analogs." Angew. Chem (Engl) 31 1008-1010 
.992: Egholm. M.. Buchardt. O.. Nielsen. P.E. and Berg. R.H.. "Peptide nuc.e.c acids (PNA). 
OI.gonucieot.de analogs with an achiral peptide backbone." Journal ol the American Chemical Society 
1 14:1895-1897. 1992. . 

Mixed" polymers ol amino acids and other \monomers: 

A single Cham comprising amino ac.ds and other monomers (e.g.. nucleic acids) may be prepared. 
Example .1 

In this example, we descnbe a hexapept.de i.brary ,n which each residue ,s chosen from a set of 25 
am.no ac.ds. The i.brary has a max.mum possible "d.vers.ty ol 25*. or about 2.44 x io» dilleren, pepi.de 
sequences. 

While cons,der,ng ,he library as a whole, each residue pos.iion of ,he hexaoept.des may be any ol the 
25 residues ol .he set. the i.h.ary , s secured so res.ducs .-3 (numbered Irom the am.no ler.n.nan are 
iam.bai -es.dues. and res.dues -.-6 a.o ...o.vduai ..,s.dues Unless "encod.no" , s ncealui as ~ 0 , a ,nea ■ 
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previously, for the peptide family on a single bead, the first three residues will be the same, the diversity 
being apparent only in residues 4-6. (Of course, residues 1 -3 will vary from bead to bead). 

This library is constructed as follows. A mixture is prepared of 25 different, amino-protected amino 
acids. For three amino acid addition cycles, this mixture is reacted with all of the beads (i.e.. an 
5 unstructured random cycle, abbreviated as "UR* in Table 1 ). As a result, each bead has a multitude of 
random tripeptides (positions 4-6 of the desired hexapeptides). Thus, there are 25 3 possible different 
tripeptide sequences. 

The remaining three cycles are structured random ("SR") cycles. In the- fourth cycle, the beads are 
divided into 25 aliquots. The first aliquot is reacted with L-Ala, the second with L-Arg. the third with L-Asp. 

io and so on through all 25 aliquots. We now have synthesized all 25* possible different tetrapeptide 
sequences. However, the amino terminal amino acid of all of the peptides on the beads of the first aliquot is 
L-Ala. while the amino terminal amino acid of all of the peptides of the second aliquot is L-Arg. (This amino 
acid will be residue 3 of the final hexapeptide). All of the beads are now mixed together randomly. In the 
fifth cycle, the beads are once again divided into 25 aliquots, and each aliquot reacted with a particular 

15 amino acid to yield pentapeptides on the beads. This is residue 2 of the final hexapeptide. the beads are 
packed and "shuffled." and. in the sixth and fast cycle, divided into 25 aliquots to receive the final amino 
acid (residue 1 of the hexapeptide). The beads of the library now bear all 25* possible hexapeptides. but 
the synthesis has been structured so that residues 1-3 (counting from the amino terminal) of the peptides 
are identical for the peptides on a given bead. 

20 The synthesis plan is summarized in the table below: 

Table l 



25 



Cycle Type 


Cycle 


Residue 


DF(cycle) 


PF(cycle) 


SR 


6 


1 


. 1 


25 


SR 


5 


2 


1 


25 


SR 


4 


3 


1 


25 


UR 


3 


4 


25 


1 


UR 


2 


5 


25 


1 


UR 


1 


6 


25 


1 




overall 


25 3 


25 3 
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The sequence set statistics for this library appear below: 



40 



bead 
library 



Size 

6 x IO 1 
6 x 10 3 



Diversity 

15,625 (25 3 ) 
2.44 x 10 s (25 6 ) 



Sampling 

4 x 10 9 



x 
.5 x 



10 1 
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The safety factor analysis follows: 



Beads- in Assumed Detection Beads -in- Library 

Library Library PF Limit ; Safety Factor 

10 7 * 15,625 •* l bead per library = \ 640 

Sampling level Assumed Detection Peptide-on-Bead 

Per Bead Limit Safety Factor 

4 x LO 9 , io 6 =4 x 10* 

(molecules per (binding molecules 

sequence per bead) per bead) 
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On a single bead, there are 4x10' identical molecules of each different hexapeptide sequence which is 
we., above the assumed binding detection limit of ,0' mo.ecu.es. For the first three residue pos .Ls here 

ysKX** am,no acid - wh,ch ™ y ~~ - - ~ rr t n: 

25> (15.625) different beads would be required to have at least one bead for each of the 25= D0SS ih. P 
permu,at,ons of the first three res.due positions. „ ,0' beads are employed, there wi,. be w4l or aC 
640 beads m the l.brary bearing the identical familial sequence. • 

If one of (he beads was detected as "positive" when the library was assayed.the peptide molecules on 
.. . would be sequenced. A., of them would have the same firs, three amino acids, in 100 pmote S es 
wh,ch ,s sufficient for sequencing. Thus, these three ammo acid positions could be detemled How Z it 

Zrng n °actSy be "** " " ^ °" ^ *» 

To find out a secondary library is made. All peptides of this library have residues 1-3 in common All 

bea a n 2 fn 9 '™?^ r6SidUeS 4 " 6 " C ° mm0n - ' f the asl ^" 0n < he I brar 7a* s » 

bead, all of the pept.de on th,s bead wil( have residues 1-6 in common, in ,00 pmo.e quantities Thus 
sequencmg .s feas.ble. and the active peptide is then fully identified gamines, hus. 

It should be evident that larger active peptides may be determined by further iterative steps. 

Example 2 ' . 

ac,ds n isTreparrd P ' e ' * " °' *" ^ f °<™"* <™ '00 different ammo 

Suppose .0' beads are subjected to three unstructured cyc.es. in each of which the beads are reacted 
w„h a mature of .00 afferent amino acids, and three structured cycles in each of wh.ch the beads re 

aminfacT H ST !"* ***** " * Smg,e ™™ 3Cid 0ut «* ' * ° ,00 

ammo acids, and the aliquots are pooled back together after each cycle. 

The synthesis plan this time is: 



30 



35 



"0 



Table 2 



Cycle Type 


Cycle 0 


. Residue # 


Cycle OF 


Cycle PF 


SR 


6 


I; 


1 


100 


SR 


5 


2\ 


l 


100 


SR 


4 


3 


1 


100 

1 


UR 


3 


4 


J 00 


UR 


2 


• 5 


100 


1 
1 


UR 


1 


6 


100 




overall 


W 





This results in the following sequence set statistics: 



so 



J5 




Size 


Diversity 


Sampling 




Bead 


6 x I0' 3 


10 6 


6 x 10' 




Library 


6 x )Q«> 


I0'2 


6 x 10 8 



The relationship of the sequence se, statistics to the varying detection limits may be expressed .hrough 
calculation of safety factors . as follows: * M y 



■JO 



r 



r 
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beads - in - 1 ibrarv -library PF 



10' 



+ 10° 



sampling level ' assumed 

per bead detection limit 

6 x 10 7 -r 10 6 



bead- in- library 
safety factor 
10 

peptide-on-bead 
safety f actor 
60 



75 



20 



The derivation of these numbers is explained in greater detail, below. 

The diversity of this library (D L ) is 100 6 (10 12 ). If there are 10 ; beads in the library (BJ. and 6x10' 3 
molecules/bead (M B ), there are GxtO 20 molecules in the library (MJ. It is therefore possible to have 
(6x1 0 20 /^ 12 = 6x10 8 ) identical molecules of each unique peptide sequence. 

Each bead has a diversity of 100 3 (10 6 )- With 6x10 13 molecules on the bead, the expected number of 
identical molecules per bead is (6x10' 3 /10 6 = 6xl0 7 ). which is well above the 10* believed necessary for 
detection. There are also 100 3 (10 6 ) different^ synthetic "paths" taken by the beads during the structured 
cycles, and therefore the expected number of beads which underwent any given path is (10 7 /100 3 = 10), 
well above the desired minimum level of 1-2. Finally. 6x10' 3 hexapeptide molecules per bead £ the 
equivalent of 100 picomoles.bead. Since all molecules on a single bead have the same first three amino 
acids, this initial tripeptide is present at a concentration of 100 picomoles. whereas 25 is deemed desirable 
for sequencing. 

Thus, the foregoing demonstrates the practicality of screening hexapeptide library with each residue 
chosen from a set of 100 different amino acids. 



25 Example 3 



30 



35 



Another way of synthesizing a library of all possible hexapeptides which could be prepared from 100 
different amino acids is by a combination of six partially structured random cycles. 

In cycles 1-3. residues 4-6 are provided, in each cycle, the beads are divided into four aliquots A. B. C 
and D. Aliquot A is reacted with amino acid mixture A' (AAs 1-25). aliquot B with mixture B' (AAs 26-50). C 
with C (AAs 51-75), and O with D' (AAs 76-100). At the end of each cycle; the aliquots are repooled. 

In cycles 4-6. residues 1-3 are added. In each cycle, the beads are divided into 50 different aliquots. 
and each aliquot is reacted with a unique mixture of two of the 100 different amino acids. Where possible, a 
difficult-to-sequence amino acid is paired with an easy-to-sequence amino acid. 

This synthetic plan is summarized below: 



Table 3 



40 



45 



Cycle Type 


Cycle 


Residue 


Cycle OF 


Cycle PF 


SR 


6 


i 


• 2 


50 


SR 


5 


2 


2 


50 


SR- 


4 


3 


2 


50 


SR 


3 


4 


25 


4 


SR 


2 


5 


25 


4 


SR 


1 


6 


25 


4 




overall 


50 3 


200 3 . 



so The sequence set statistics and library safety factors are as follows; 
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bead 
library 



Size 

6 x 10 1J 
6 x 10 20 



Diversify 

125, 000 
10 12 



Sampling Level 

4-.8 x 10 8 
6 x 10 s 



Beads- in- Library Library PF 



10' 



8 x 10 6 



Bead- in-Library 
Safety Factor 



1.25 



Sampling level 
Per Bead 

4.8 x 10* 



Assumed 
Detecti on .Limi r- 

10 6 



Peptide-on-Bead 
Safety Factor 

. 480 



as jlrh nf f k ( UP * m 3 Q,Ven CyC,e ' ,0 ° Pm ° ,eS ° f 3min0 3Cid ' reSidU6S 1 ~ 3 wiM be sequenceable 

as each of two possible ammo acids will be present in a concentration of (100/2 = ) 50 pmoles (five Told 

125.000. The expected number of identical molecules of each sequence will be (6x10«/125 000) or 5x10* 

nuIrnft'T 9 ° f ^ 5 ° 3X43 * ° f 8X, ° 6 - With 10? beads in < he "brary. the expected 

number of beads representing each possible partitioning permutation will be <10'/8x10* = ) 1 .25. 

Example 3A: Screening of the primary library for TNF binding . 

foiJs -^fbTJ^ r hniq r , i he ab r library is screened for beads which ^ ™ 

TuomM s 1 : It V? U, ' 0n C ° ntainin9 TNF (Tum ° f Necr0sis Fact °" a < a concentration of 
tO ug.ml ,n 5% low fat milk buffer. Follow.ng washing with phosphate-buffered saline (PBS) the beads are 

rss titih ? odie rr i,ic ,or TNF - washed as be,ore and in - bated 2£^Ss 

to rabb.t .mmunoglobul.n wh,ch are conjugated with alkaline phosphatase (anti-rabbit Iq-alkaline 

sz zsrtj ttt in K 9, the beads are exposed ,o the subs,rate ecip (s-bio-fchi^ d ; 

phosphate). Those beads wh.ch bound the ligand and'or the immunoglobulins are stained blue 

trJtmn C °" eCted Wi,h 3 m ' cr °W.« 0 <- ^r a microscope and destained by DMF 

treatment. The bound protems (TNF and antibodies) are,removed by washes with 0.1N HCI. The destained 

w" TNF Z tT K he H ami " T h NF h and ami " rabbit ,G - alkaJine Ph ° SphataSe C °^ Qate without preincubati n 
Zllr 7* fh « , , " arS S,ained bV the amib0dieS are femoved - The ™^ on the beads 

tad at th,s age apparently b.nd to the antibodies or to the alkaline phosphatase and do not bind TNF 
(Of course, a different target could be substituted for TNF). 



crXlllX^ Se ' 6Cted TNF - bindi "° be3dS °' Pri -V '" ^ &r TNF-TBP1. 



TBpI ( TNF b n > > i PreV ' OUS Sta9e f6aCted W " h the TNF as be,ore and tn * n reacted with 
SL^JS?*. T«p n P • ° f S0 ' Ub,e TNF feCeP,0r tvpe '» The beads a ' e the " with rabb.. 

before rL P h ^ T and aml " rabblt 19 an " b0d,eS COn ' u 9ateb w„h alkaline phosphatase as 

before The beads are then stamed by reaction with BC.P. The blue beads apparently bind TNF in an 

"Son T^TT !" b ° Und '° ^ ^ ^ ~ d b6adS ^ TNF ! 

ZZT, TV S ! aCt,Ve • b6adS WNCh W6re UnS,a ' ned when ex P° sed t0 th * W. 'and us 
C^ne'd be "I amib ° dieS '° 33 be '° re ° rder t0 ^ that the V S.i" b,nd the TNF. 

acL 12 nnS . S C,6d l ° N " terminal The peptides orwhese beads .nhibi. TNF 

ac v. y by ,nh,b,,ng ,<s bmd.ng to the soluble T ype , scepter, the TBP I. Since the soluble receptor „ the 

b nd o oTtnT SUf ' aCe reCePIOr ' PeP " de bV bind '" q 3150 10 the Should inh.b„ the 

b.ndmg of TNF to the receptor and thereby ameliorate the harmful influence of TNF. 

Example 3C: The secondary library 

The scauencmg of each bead selected from the onmaru i.i«=,„ . 
i i ,~ , . .i D'imary library yields two ammo acids lor each Ol the 

' -J posmons. In the current example each position rnnia.nc o , „ r 

e««.n i«jbinon contains 2 ammo acids Therefore, there are 8 afferent 



( 
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possible tripeptides. For each three amino acids sequence obtained from analysis of the selected beads, we 
synthesize 8 different secondary libraries, each expressing a single tripeptide of the possible 8. Positions 4- 
6 of each of the 8 secondary libraries contain two amino acids per position, as performed for positions 1-3 
in the initial library, each secondary library contains 10* beads in order to allow full expression of all 
s possible hexapeptides from the set of 1 00 different amino acids used to construct the library. 

The 8 secondary libraries, based upon the results of the sequencing of the first 3 positions in a selected 
bead obtained from the primary library, are synthesized according to the following table: 

Table 3c 

10 s. 



Cycle 


Residue 


Cycle OF 


Cycle PF 


6 


1 


1 • 


1 


5 


2 


t 


1 


4 


3 


1 


1 


3 


AT 


. 2 


50 


2 


5 


2 


50 


1 


6 


2 


50 


overall 


8 


50 3 



The partitioning factor for the library is 50 3 (125.000), for which 10 s beads are adequate. The diversity 
of each bead is only 8. residues 4-6 are sequenceable (residues 1-3 are identical throughout a given 
secondary library). The diversity of the secondary library is 100 3 . 

25 , . Each of the secondary libraries thus synthesized is probed as described above for probing of the 
primary library. The identity of the most highly stained library indicates the exact sequence of the tripeptide 
in positions 1-3 from the N-terminal. The most darkly stained beads from the library are selected and 
subjected to N-terminal sequencing. The sequence of the first 3 positions should be known from the 
synthesis of this library (one of the 8 possible peptides), and the sequence -information for positions 4-6 

30 (two possible amino acids in each), is the basis for the tertiary library which is described below. 

Example 30: The tertiary library 

\ 

Since the diversity of each bead in the secondary library is only 8. the sequencing of the peptides on 
35 an active bead will reveal that one or more of the 8 possible sequences is an active sequence. The tertiary 
library described in this example has a dual purpose: identification of the exact sequence in residues 4-6: 
and exploration of those nonapeptides, formed of the same 100 amino acids, which begin with the active 
hexapeptide sequence. 

There are eight tertiary libraries, each representing one of the eight possible sequences at residues 4-6 
jo for the active bead from one of the secondary libraries of the last example, for a given tertiary library, the 
synthetic plan is as follows: 

Table 3d 



45 



Cycle 


Residue* 


OF(bead) 


PF(Iibrary) 


9 


1 






8 








7 


3 






6 


4 






5 


5 






4 


6 






3 


7 


2 


50 


2 


8 


2 


50 


I 


9 


2 


50 


overall 


8 


50- 
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II should be apparent that it would be possible to <;unrhne;, 0 u 
libraries to identify residues 7-9 whi.e exolorinc Jllnr e ' Qh( quaternar V dodecapeptide 

generations ol libraries. 9 P0SS ' b,ll,ies at P os "«°^ 9-. 2. and so forth through further 

Example 4 



jo 



In this example, an octapeptide library is presented For the oumn^ m tw* * 
there are 10* beads in library, 6 x 10<3 peptides MOO L,L^ t 1 we assume that 

bead with 1* active molecules thereon an a ^^Z^TJT' ^ °' ^ ^ 

constructed as follows: sequence limit of 10 pmole/residue per bead. The library 



is 



/5 



Table 4 



20 



25 



30 



35 



Type 


Cycle 


Residue 


• OF 


PF 


SR 


8 


1 


i 


40 


SR 


7 


2 


1 


40 


SR 


6 


3 . 


1 


40 


SR 


5 


4 


1 


40 


UR 


4 


5 


40 


1 


UR 


3 


6 


40 


1 . 


UR 


2 


7 


40 


1 


UR 


1 


a 


40 


1 



This library therefore has the following statistics: 





Size 


Diversity 


Sampling 


Level 


PF 


Library statistics 
Bead statistics 


6 x 10 21 
6 x 10' 3 


6.55 x ,10 12 

2.56 x 10 6 


9 x 10 s 
2.4 x I0 ; 


2.56 x 10 s 



40 



^5 



50 





Safety Factor 


detect bead-in-library 
detect peptide-on-bead 
sequence residues 1-4 


400 

24 

10 



In general, if the number of beads in the library (B, ) is within onp or ,„„ n m 
(Mg/Mg') where Mg is the number of mo.ecu.es per bead and M ' m. ^nude of the ratio 

the best strategy is to employ eaual number! ^ ? T 6 m °'ecule-per-bead detection limit, 

for an oc.apeptide library * * ^structured and unsecured random cycles, e.g. 4 and 4 

.he d H e= r, rjS^SZtaT * ^ ^ *" *~ " ~ " «« 
A four-and-four strategy would lead to these statistics: 





Size 


(Diversity 


Safely Level ■ 


PF 


library 
bead 


6 x 10^ 
6 x io ,J 


-6 55 x l0 ,<? 
2.56 x 10* 


9 x to 4 * 
2.47 x 10' 


2.56 x iQ* 



r 



r 
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Safety Factor 


detect bead-in-library 
detect peptide-on-bead 
sequence residues 1-4 


400 

.24 
10 



It would be safer to employ 5 structured and three unstructured random cycles: 





Size 


Diversity 


Sampling Level 


PF 


library 


6 x 10 22 


10' 2 


9 x 10 9 


2.56 x 10 9 


bead 


6 x 10' 3 


6.4 x 10* 


9 x 10 8 







Safety Factor 


detect bead-in-library 


10 


detect peptide-in-bead 


9 


sequence residues 1-4 


10 



EXPERIMENTAL EXAMPLE A 

1. Synthesis of a model peptide: N-Ala-Leu-Pro (PLA) on Eupergit C resin. Using the conventional 
solid phase synthesis with Fmoc protected amino acid we synthesized the PLA sequence on epoxy 
activated Eupergit C {Rohm. Darmstadt! Germany; alternatively. Spectra/Cryl, Spectrum, Houston. Texas. 
USA) resin (bead diameter 250u). after introduction of cystamine as linker, and evaluated the peptide 
yield per bead by amino acids microsequencing. By this we confirmed our synthesis method and 
reagents and demonstrated that we can determine the amino terminal sequence of one bead (about 20- 
40 pmole amino acid per bead). The ability to sequence one bead is essential for the peptide library 
approach. The average yield per bead of each amino acid from the sequences, based on sequencing 20- 
30 beads, was as follows: \ 



Cycle 


Amino Acid 


% Yield (pmole) 


1 


Ala 


. 63.9 


1 2 


Leu 


45.1 


3 


Pro 


31.1 



2. Synthesis of a peptide library on the Eupergit C beads. The library was prepared from 37 
different amino acids (the genetically encoded amino acids, except for L-cysteine: their O-forms. except 
for D-isoleucine: plus L-Norleucine) and constructed from six random (entire library receives a mixture of 
all the amino acids) steps followed by three structured (each 1/37 of the library gets a single ammo acid) 
steps. This library was used first to test, by sequencing, the introduction of all the different amino acids, 
when alone or in a mixture. We demonstrated by sequencing that all of the amino acids were 
represented in the library. The follow.ng table sets forth the average yields, in pmoles per bead, obtained 
by sequencing the beads. 
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to 



15 



20 



25 



30 



35 



^0 



J5 



50 



S5 



Cycle & 
Type 


Ala 


Arg 


Asn 


Asp 


Cys 


Glu 


Gin 


Gly 


His 


lie 


struc- 
tured 


133 


151 


80 


244 


N/A 


138 


106 


188 


.77 


195 


random 


582 


125 


113 


338 


N/A 


214 


234 


253 


48 


29 












Leu 


Lys 


Met 


Phe 


Pro 


Ser 


Thr 


Trp 


Tyr 


Val 






217 


191 


294 


263 


131 


21 


83 


78 


62 


249 






244 


155 


313 


408 


234 


21 


29 


27 


233 


52 







sJZ n! r- UC T ^'T m ° St ° f ' he 3min0 addS were presented in equimolar amounts (some as 

. » .nL JTT"' M " s '»'«" e «« «i» *** benzene (PS-DVsl 

4 Symhesn ol the PIA model peptide on amlnometnylaleo polygene 1% OV8 resin The 

mi nf mo/ n i„„„ w .H w < o« • MU,yM Y rene oeaas (1.5 ml of packed resin was reacted with i 5 
Zl 9 lutara,deh Vde for 30 m.nutes and . mg of TBPI was added conjugated for , hour, and the 

4^ 486t f or ,m r 0 fT d , Wi,h " a ' ka ' ine ph0S <> hatasa '^,ed monoc.onal'ant.boay (see EP App 
rabbit l 9 G. ' VC Onal r3bb " an " b0d :t S '° TBP1 ,0 " 0wed b V a, k a.ine phosphatase labeled ann- 

o, £° is ~ 5 ^~zz;:r ?— r ,ested: sur,ace — 

indo.y.phosphatemarob.ue tetraJum toP.NBT) ZLITT S^ 4 ***"" 
nitropheny, phosphate (pNPP) substrate ° Uble C0 '° r Pr ° dUCed ' f0m ,he para - 

■ncubat'ed w.th T^SJT'" 9 ^ m0n0C,0na, ^ <»™ ™ « Packed, were 

against idi j ! con ugated with alkaline ohosohatasp ai * . . . ^ 

for 30 mmutes. After wasnes w„n P8S conS ,n C c 05< r !,0 " of ;«° ^ (in F6S P8S buffer, 
subs-a.e (Bio Had k„ catalogue number "o^^To^Z^OO a ^ °' ^ ^ 

■nstrucon ,n 0.1 M fns pH 9 5, .vem aoded When s i aCC °' a ' nd "° !he ma " u ' a ^er s 

' ° ae °- Whe " S| a»"»q polyclonal amisera. beaos (about 50 u« 



f 



r 



EP 0 639 584 A1 

packed) were incubated with 5% FBS (fetal bovine serum) in PBS and then incubated with rabbit 
polyclonal serum against TBPl diluted. 1 :2000 (in FBS. PBS buffer) for 30 minutes. After washes with 
PBS containing 0.05% Tween 20. alkaline phosphatase conjugated to goat anti rabbit IgG (Bio Makor 
catalogue number 3471) diluted 1:1000 (in FBS- PBS buffer) was added, for 30 minutes incubation and 

5 (hen washes and addition of substrate as above. 

In the second system, the procedure was as above for polyclonal antisera. but the substrate added 
was para-nitrophenyl phosphate (pNPP. Sigma l04 rM , tablet of 5 mg in 10 ml of VOmM diethanolamine. 
pH 9.5 containing 0.5 mM MgCI 2 ). instead of BCIP NBT, and the soluble color was produced at 37 *C. 
The resulted O.D. of each sample were monitored at 405 nm. in microtiter plate wells. 

to The results showed high, specific positive surface staining (with BCIP'NBT) of the TBPl-coupled 

beads as compared to staining of control beads or staining of TBP labeled beads with control antibodies. 
The background surface staining was essentially nonexistent. We could easily identify and pick up one 
stained bead from among thousands of unstained beads under a transmission microscope or a 
reflectance stereo microscope (dissecting microscope). While the soluble substrate detection system 

15 was not sensitive enough to allow detection of a single stained bead, it could detect as few as ten 
positively stained beads in one microliter well, as compared to the control. 

Other signal generating systems that were tested included the' use of chemiluminescence substrate, 
staining of the. beads with colloidal gold-labeled second antibodies or use of 52S l-labeled probes. 
However, none of these systems were sensitive enough to allow detection of signal from single beads. 
20 While such a system is not required for the present invention, it does permit one to increase the diversity 
of the library. 

6. Synthesis of a peptide library on aminomethyfated polystyrene beads. The library was 
synthesized using the 37 amino acids and constructed of six "semi random" steps and three structured 
steps to yield: NH 2 -l-l-1-2-3-4-5-6-7-COO-NH-CH 2 -bead (each number represents the number of 

25 different amino acids added to each portion of the beads at given coupling step). This strategy was used 
in order to increase the number of presented peptides without increasing the library size (volume or 
number of beads). Each bead is therefore unique in the 3 positions starting at the amino terminus end. 
contains two different amino acids at position 4. three at position 5 and so on. We believe that there is a 
need for at least pentapeptide in order to achieve a binding affinity sufficient for immunodetection of the 

30. beads. 

The amino acids actually used in the semi-random steps were as given below, with "position" being 
measured from the amino terminal. In the subheadings, such as "9-3", the first number is the residue 
position and the second number is the group number. Each group is a mixture of amino acids with which 
an aliquot of beads is reacted. The number of groups is equal to the partitioning factor. Group 9-3 is one 
35 of five groups, and each of the groups for position 9 is composed of 7 or 8 amino acids. 



<i0 



J5 



Position 9: 


9-1 


9-2 


9-3 


9-4 


9-5 


L-Ala 


L-His 


L-Pro 


D-Arg 


D-Met 


L-Arg 


L-lle 


L-Ser 


O-Asn 


D-Phe 


L-Asn 


l-leu 


L-Thr, 


D-Asp 


O-Pro 


l-Asp 


l-lys 


L-Trp 


O-Gln 


O-Ser 


L-GIn 


L : Met 


L-Tyr 


O-Glu 


O-Thr 


L-Glu 


L-Nle 


l-Val 


D-His 


O-Trp 


Gly 


L-Phe 


D-Ala 


D-leu 


O-Tyr | 








O-Lys 


D-Val 



50 
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Position 8: 



8-1 



8-2 



8-3 



8-4 



8-5 



8-6 



L-A!a 
L-Arg 
L-Asn 
L-Asp 
L-GIn 
l-Glu 



Gly 

L-His 

L-Lle 

L-Leu. 

L-Lys 

L-Met 



L-Nle 
L-Phe 
L-Pro 
L-Ser 
L-Thr 
L-Trp 



L-Tyr 

L-Val 

D-Ala 

D-Arg 

D-Asn 

D-Asp 



D-GIn 
D-Glu 
O-His 
D-Leu 
D-Lys 
D-Met 



D-Phe 

D-Pro 

O-Ser 

O-Thr 

D-Trp 

D-Tyr 

O-Val 



Position 7: 

7-1 . 7-2 7-3 ' 

L- Ala . L-Glu L-Lys 

L-Arg Gly L-Met 

L-Asn L-His L-Nle 

L-Asp L-lle L-Phe 

L-Gln L-Leu L-Pro 

7-7 

D-Pro 

D-Ser 



7 


-4 


7 


-5 


7 


-6 


L 


-Ser 


D 


-Ala 


D 


-Glu 


L 


•Thr 


D 


- Arg 


S 


-His 


L 


•Trp 


D 


- Asn 


D 


-Leu 


L- 


-Tyr 


D 


-Asp 


D 


• Lys 


L- 


Val 


D- 


•Gin 


D- 


Met 



D-Phe 



r 
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D-Thr 
D-Trp 



5 


D.-Tyr 
D - va i 

Position 


6 : 










10 


6-1 


6-2 


6-3 


6-4 


6-5 


6-6 




L - Ala 


L-Gin . 


L - 1 le 


L-Nle 


L-Thr 


D- Ala 




L-Arg 


L-Glu 


L - Leu 


L - Phe 


L-Trp 


D-Arg 




L-Asn 


Gly 


L-Lys 


L-Pro 


L-Tyr 


D- Asn 


15 


Li ASp 
O / 


Li - fllS 

D O 


u - Me c 

£ - Q 


l- ber 

• 


L - vai 


D- Asp 


20 


n -m n 

U Ultl 

D-Glu 
D-His 
D - Leu 


D-Mec 
• D-Phe 

Pl - Drn 
LJ t L vj 


D-Thr 
D-Trp 
u - ly r 








25 


Position 


5: 












5-1 


5-2 


5-3 


5-4 


5-5 


5-6 


30 


i-J nla 


r . _ Aon 


vj x y 


T I an 

u - Lieu 


T Ml a 


r . Car 




f . _ A ttt 
i-j i-vx. y 


T, -Hi n 


u nib 


L - Lys 


Li - file 


Li - 1 nr 




L - Asn 


L - G 1 u 


L - lie 


\ r , - m<=> f- 

^ Li 11" l_ 


T, - Pro 


T. -Trn 

l_l 1 jL LJ 


35 


5-7 


5-8 


5-9 


5-10 


5-11 


5-12 




L-Tyr 


D - Arg 


D -Gin 




D - Phe 


D-Thr 




L-Val 


D - Ash 


D-Glu 


D - Lys 


D - Pro 


< 

D - Trp 


40 


L-Ala 
Position 


D - As p 
4 : 


D - Hi c; 


n - Mo f- 


n.Cpr 


O _ TS/ r* 

j iyi 
D-Val 




4-1 


4-2 


4-3 


4-4 * 


4-5 


4-6 


J5 


L - Ala 


L- Asn 


L -Gin 


Gly 


L-Ile 


L-Lys 




L-Arg 


L - Asp 


L-Glu 


L-His 


L - Leu 


L-Mec 




4-7 


4-8 


4-9" 


4 - 10 


4-11 


4-12 


50 


L-Nie 


L-Pro 


L-Thr 


L-Tyr 


D-Ala * 


D- Asn 




L - Phe 


• L-Ser 


L-Trp 


L-Val 


D - Arc 


D - Asp 



r 
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4 -13 4-14 4-15 



4-16 4-17 4-18 



D-Gln D-His D-Lys D -Phe D-Ser D-Trp 

D-Glu D-Leu D-Mec D-Pro D-Thr D-Tyr 

.D-Val 

7. First screening of the polystyrene peptide library with TBP1 

One quarter (400 ul packed) of the total number of beads were blocked with S% FBS in PBS (i ml for' 

,n FBS U pK' f to T S w d ,! iC bindinQ - inCUbated With TBP ' <' ml at a concen,ra.,on of ,0ug,m, 
■n FBS.PBS for 45 m.nutes) followed by polyclonal rabbit anti-TBPl (1:500 in FBS/PBS. , ml .or . houT, 
and alkal.ne phosphatase conjugated goat anti-rabbit Ig antibodies (1:2000 in FBS/PBS . ml for 40 
m.nutes). The signal was generated by BC.P/NBT substrate (12 ml in 9 cm petri dish: further details as 

r .°h V ?- ,°k than 50 S,3ined b6adS W6re Se ' eC,ed and ,hree 01 < bem ™* subjected to equen no 
Two add.t.o„al beads that were selected from a screening of a second quarter o the. library wfth 00 

sioma St (S,9 M 9enerJ ; t i e c d A VVi,h FAST -* ED < 4 -cn-o-2-e.hy.ben 2 y, diazonium sal. suppied by 
S-m th I th\ I 500 "- ' US6d in C ° mbina,IOn with na Phto. AS-MX. 3-hydroxy-2-naphtoic acid 2 

! Tl T, ? 5 Strate W6re 3,30 sequenced " The obtained sequences of the five beads are- " ' 

1 N-Ala-Cly-lv1et-(Pro. Phe. Ser?)-(Phe. Leu. Met) 

2. N-Ala-Glu-Met-Ser?-Ser? 

3. N-Val-Gln-Pro 

4. N-Trp-Glu-Pro-Glu 

5. N-Ser-Lys-Val-Leu-(Phe. Pro) 

of Z* tin Zn e , Tf ^ ° f SSleCted bGadS - The beadS that were selecled w ere stained because 
Of the.r b„„y to b.nd e.ther the TBP1. the antibodies to TBP1. the goat antibodies aga.nst rabbi, IgG or 

lka.t Z£Z P f 3Se - I"' 5 there ' 0re neC6SSary l ° diStinguish the beads ,hat b ' nd antibodies and 
alkal ne phosphatase from those that b,nd the TBPi. One way to verify the bead specificity is to destain. 

and then res.a.n the beads w.th all the components but without the target ligand. TBPI. The beads that 

would be stained by the antibodies alone would be removed as non-specific binders 

a Oestaining and restating. The BCIP/NBT substrate that we used in order to stain the beads could 

not be desta.ned by any treatment that we tried (organic solvents, urea. SOS. NaOH. boiling, sonication 

and comb.nat.ons of all of the above,, and we therefore decided to use another alkaline phosphatase 

substrate wh.ch could be readily destained. The use\pf the substrate FAST RED resulted in satisfactory 

sta-n.ng. desta.n.ng and restaining of model beads (absorbed with alkaline phosphatase labeled IgG) For 

reasons unknown^ sta.ned library beads could not be restained. Replacing the NBT by MTT gave the 

des.red results and beads that were stained could be destained with short OMF wash 

IL^T m H et !! 0d f ■ WHen SCreeni " 9 3 Sma " V0 ' ume (<5 ml <> acked > °< beads library, where the 

Z£« 'II * V Sma "' a iS P0SSib ' e ,0 Pick UP the selec,ed stained beads with a 
forceps or a m.crop.petor. When a large number of stained beads should be picked up. manual handling 

m.gh, take too much ..me. We therefore tested several methods for , as ,er and more conven.en, sorting 
We succeeded .n separation of positive model bead (TBP, immobilized covalently, from negative beads 
by react.ng them w.th smaller magnetic beads coupled to an,i-rabb,t antibodies. The antlabbit anti- 
bod.es on the magnetic beads b.nd the TBP carrying beads which were prev.ous.y reacted with rabbit 
ann-TBP, ant.bod.es. The. magnetically labeled beads were separated with a magnet. The separation 
conditions were as follows: 
TBP I -beads - as in 5. 

control beads-aminomethylated polystyrene beads without modificat.on 

A mixture of 1% TBPi -beads in control beads (total 50 ul beads) 

Blocking- 1 ml of 5% low fat milk in PBS + 0.05% Tween 20 * • 

Purified rabbit polyclonal serum aga.nst TBPi 6 ug/ml in FBS PBS - 1 m. for^O m.nutes 

Washes w.th PBS containing 0.05% Tween 20. 

Sheep anti rabbit IgG coupled to magnetic beads - 

(Dynabeads- M-280. Oynai catalogue number , ,2.03. 2.8 urn d.ame.eo. d„u,ed , ,00 ,n biock.ng 
buffer - l ml for 30 minutes. y 

- a .„onT" C r 3 'T. n * 2 WaSheS ^'^ " Magne " C Pa, " C,e concentrator" MPCTM tDyna. 

catalogue number 120 01) 
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Using such a system we demonstrated our ability to fish out all of the T8P1 coated beads from an 
excess of control beads. 99.9% of the beads at the bound fraction were TBP1 -beads and only 0.1% 
were control' beads. 

11. Confirmation of the sequence. The sequencer can not distinguish between L- and D-amino acids. 
Thus, the sequence information is not complete. Information about the first three amino acids allow for 
eight (2 3 ) possible sequences and we need to find out which is the correct one. From the first 2 beads 
which were sequenced we obtained- 2 partially overlapping sequences: N-Ala-Cly-Met and N-Ala-Glu-Met. 
The 12 possible peptides obtained from the sequences of the first two selected beads were synthesized 
on beads containing random collections of all the amino acids at positions 1-6 from the C-tefminal. The 
12 peptides (each synthesized on around 100.000 beads) were tested for TBP1 binding by the regular 
procedure but with the soluble substrate. The peptide N-DAIa-DGIu-LMet gave a high 00 (ten times 
higher than background) and the other 1 1 peptides were lower (between background and three times the 
background). The specificity of the peptide to TBP1 was also confirmed by lack of response with 
antibodies alone. The resulting 00 in presence of the TBPl was four times higher than with the 
antibodies only. 

12. Synthesis of. secondary libraries. The"sequence found from the first analyzed bead was used for 
synthesis of 37 peptides on beads (150 ul. packed; about 200,000 beads) primed with 5 random steps. At 
the fourth place from the amino terminus the beads were divided into 37 groups and each group got a 
different amino acid. The three terminal amino acids were N-DAIa-DGIu-LMet. In this way we got 37 
peptides which differ at the fourth position. Staining of the 37 peptides (separately, using soluble 
substrate) indicated that the L-Serine is the desired amino acid at the fourth position. The process was 
repeated in order to find the amino acid at position five from the N terminal but at this point we realized 
some problems, described in the next paragraph, so we are not sure about the results obtained by the 
soluble substrate approach. 

13. Screening with soluble substrate (ELISA). ELISA assays were performed in mini-columns made 
from polypropylene syringes supported with polyethylene frit. Equal amounts of beads of each tested 
group are inserted to each column. Reagents and general procedure were as described for the model 
beads at five for the second system. 200-500 ul of reagent were added to each column at each step. 
After adding substrate, the columns were placed at 37'C for about 60 minutes and then 200 ul substrate 
of each column (without the beads) were transfered to a microtiter plate well for O.D. reading at 405 nm. 

The use of a soluble staining product for monitoring differences. between peptides seems very useful 
especially since the use of ELISA reader enables- discrimination of small differences between staining 
intensities. However, when we further used it for 'secondary libraries, results indicated that it is not 
possible to obtain a positive binding response based upon contribution of only 3 specific amino acids (as 
compared to contribution of 5-6 amino acids in the original library). Further experiments indicated 
existence of artifacts resulting from high background observed when using the soluble substrate. The 
background is apparently attributable to the container, and not the beads. The problem, we believe, 
results from absorption of proteins to the polyethylene frits of the columns used as reaction vessels. It 
may be possible to block this absorption and thereby improve results. 

14. Secondary library and sequence confirmation for the sequence: N-Ser-Lys-Val. Eight secon- 
dary libraries based on the sequence obtained from screening of the library with TBPl. 100 ng.ml (see 
7) were synthesized with the general structure: N-Ser-Lys-Val-1 -1-1-R-R-R-Bead. R represents random 
step. I is one of 37 amino acids added to each bead in each step and at the three N positions, each of 
the eight libraries got one of the possible peptides (combination of the L and O isomers). Each 
secondary library contained about 50.000 beads intended to include all the possible combinations' of the 
structured three amino acids at positions 4-6 from the N-terminal. The eight libraries were screened with 
surface staining. The results indicated that for the N terminal sequence: N-OSer-OLys-LVal (group no. 4) 
bead of the strongly stained beads of group* * was analyzed and the sequence obtained was: N-Ser-Lys- 
Val-Lys-Lys. A 

15. Specificity of the N-DSer-OLys-LVal peptide. -Several staining steps were performed with the 
library beads containing the N-OSer-OLys-LVal sequence m order to verify »ts specificity. Immunostaming 
performed wiih and without TBPl revealed specificity to the antibodies. Further analysis revealed that 
the above sequence specifically recognized the rabbit immunoglobulins from both rabbit anti-TBPi 
antiserum and from normal rabbit serum. Immunoglobulins from other ammai species and from humans 
were not recognized. 

16 Sensitivity of the surface staining. We exnenencea some Difficulties m obtaining reoroouoo:* 
hirjh vui face stammg results. No false positive n. -suits were ever experienced. We assume that ive" 
--tifficifiiv resulted i»om the naune of the substrate used We attempted to -r-ease me concentration 
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oeTrmT:J ratl0n ^ 1°° ^ (whe " **d antibodies.even wi h FBS blocJr, We l^Z 

stained with the antibodies I a ell S h f ** amib ° dieS Wi,h ° ut TBP '' 8ead * 

with TNF and staining w" an^s o TNF ZeZTZ^l^J^' iT* * 
TNF convex recognizers. Such peptides coJ^^Z^JZ^ I^BP^TNF 35 
format.on. The beads were then restained with TBP1 and ami trp, I ft t, of TBP 1 -TNF complex 
beads were selected. This staining procedure was repeated TZ^T ^ ** hi9HeSt S,3ined 

EXPERIMENTAL EXAMPLE B 



Model Staining of Peptide Library with Monocionai Antibody to Human , - Endorphin 

^:::z:: r z isa hep,apep,,de ,,brary in wh,ch the c — «*» - * ~<. ^ o, her 



Materials 



8eads: 



Ammo acids used =73 

Total hexapeptides diversity: 1 5 x10" 

groups incorporated in a given cycle m Hp n ™ ? ^ md,Cated P ° Siti0n " Since ,he 

All beads mixed together in one pool. 
Total peptides per bead = About 70 000 

hexapept,de - ™ - — - ■* *™ -*« » - u Seo 

pJ^^^T* Were 35 *°" 0WS am,n ° addS ^ . 0 number,: 

P^V^g 7 ' 2 - l4 " 23 - 28 29 3 '- 39 - — 5 " 66 - 6 «- BS-89. ^ 

Group .: 3. 7. 8. 9. .4. ,5. .8-23. 28. 29. 31-33. 36. 38. 39 54 73-76 

Group 2: .. 2. 5. I .. 16. .7. 52. 53. 55. 59. 60-62. 65. 71. 72 77-80 85-89 

Group 3: .0. .2. 34. 35. 37. 42-48. 5.. 56-58. 63. 64. 66. 68 70 8, 82 
Posmon 4 f 15 groups) 

Group 1 9. 18. 19. 20. 21 

Group 2: 28. 29. 58. 73. 74 

Group 3: 3. 23. 33. 75. 76 

Group 4 3-1.32.38.39.54 
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SO 





Group 5: 


7, 8. 14, 15. 36 




Group 6: 


16. 17. 37. 70. 89 




Group 7: 


2. 5. 11. 79. 80 




Group 8: 


1. 71. 72. 65 


5 


Group 9: 


52, 53. 55, 61, 62 




Group 10: 


43, 85-88 




Group 1 1: 


22, 59. 60, 77, 78 




Group 12: 


63. 64. 66. 68 




Group 13: 


34. 35. 42. 48, 51 


10 


. Group 1 4: 


44-47. '82 




Group 15: 


10, 12. 56. 57, 81 




Positions 1-3 (32 groups) 




Group 1: 


1 1, 20. 21 




Group 2: 


18. 19 


; 5 


Group 3: 


73. 74 




Group 4: 


28, 29 




Group 5: 


75, 76 




Group 6: 


31, 32 




Group 7: 


38, 39 


20 


Group 8: 


7. 8 




Group 9: 


14. 15 




Group 10: 


16. 17 




Group 1 1: 


79. 80 




Group 12: 


71. 72 


25 


Group 13: 


52. 53 




Group 14: 


85. 86 




Group 15: 


87. 88. 37 




Group 16: 


59. 60 




Group 17: 


77. 78 


30 


Group 18: 


61. 62 




Group 19: 


63. 64 




Group 20: 


48. 51. 43 




Group 21: 


44. 45 




Group 22: 


56, 57 


35 ' 


Group 23: 


58. 42 




. Group 24: 


3. 33 




Group 25: 


68/66, 1 




Group 26: 


22, 10. 12 




Group 27: 


2. 65. 81 


JO 


Group 28: 


46. 47. 23 




Group 2.9: 


55. 82 




Group 30: 


70. 5 




Group 31: 


89. 34. 35 




Group 32: 


36. 54 



^5 b. Beads of high density peptide library #6 .which was constructed according to the parameters of hbrary 
#4 with the following changes: 
Structure: N-( 1 -2)-(2-3)-4-5-8- 1 O-Asn-AcaE-Bead 
Total peptides per bead = About 7.500 - 

The beads of this library were not pooled after (he last synthesis cycle (position i from the N-terminai) 
but were left grouped according to their pos.t.on i for the final deprotect.on and screening steps Groups 
containing the N-term.nal Tyr (group II) and Pro (group 12) were checked m this experiment) 

The library may be further charactered as follows: 
P osition 6 (7 g r oups) 

Group l: 5. 18-22. 28. 29. 31. 32 
Gioup 2: 1-3. 33. 38. 39. 73-76 • 
Group 3 9-12. 77-82 
Gioup 4 " A3. 56-60. 85-88 
Giouo S 23. -14-48. 5i. Gi-G-i 
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Group 6: 


34. 35. 52-55. 69, 66. 68. 71, 72 




Group 7: 


7, 8. 14-17, 36, 37. 42. 70. 89 




Position 5 (9 qrouos) 




Group 1: 


18. 19. 28. 29. 73-76 ' 


5 


Group 2: 


7, 8. 14, 15. 20. 21. 31. 32 




Group 3: 


63. 64. 66. 68. 71. 72, 77. 78 




Group 4: 


44-47. 85-88 




Group 5: 


16, 17, 38. 39. 52-55 . 




Group 6: 


10, 12. 34. 35. 56. 57, 59. 60 


W 


Group 7: 


48. 51. 61, 62. 79-82 




Group 8: 


22. 37. 42. 43. 58. 65. 70. 89 




Group 9: 


1-3. 5. 9. 11. 23. 33. 36 




Position 4(15 Qrouos) 




Group 1: 


20, 21. 18. 19. 9 


15 


Group 2: 


73. 74. 28. 29. 58 




Group 3: 


75. 76. 23. 3. 33 




Group 4: 


31.32.38.39,54 




Group 5: 


7. 8. 36, 14. 15 




Group 6: 


89, 16. 17. 70. 37 


20 


Group 7: 


11 . 79. 80. 5. 2 




Group 8: 


52. 53. 55. 61. 62 




Group 9: 


43. 85-88 




Group 10: 


22. 59, 60. 77. 78 




Group 1 1: 


34.35.42.48.51 


25 


Group 12: 


44-47. 82 




Group 13: 


10. 12. 56. 57. 81 




Group 14: 


1. 65, 71. 72 




Group 15: 


63. 64. 66. 68 




Position 3(18 qrouos) 


30 


Group 1: 


18. 19. 28, 29 




Group 2: 


73-76 




Group 3: 


20. 21. 31. 32 




Group 4: 


7. 8. 14. 15 




Group 5. 


71,72.77.78 


35 


Group 6: 


63, 64. 66, 68 




Group 7: 


44-47 




Group 8: 


85-88 




Group 9: 


52-55 




Group 10: 


16. 17, 38. 39 


<iO 


Group 1 1 : 


56, 57, 59. 60 




Group 12: 


10, 12,' 34. 35 




Group 13: 


48. 51, 61. 62 




Group 14: 


79-82 




Group 15: 


22. 42. 43. 56. 57 


45 


Group 16: 


37. 65. 70. 89 




Group 17: 


1. 5. 9. 1 1 




Group 18: 


2, 3. 23. 33. 36 




Position 2 (24 groups) 




Group 1: 


11. 20, 21 


50 


Group '2: 


18. 19. 54 




Group 3: 


28. 29. 36 




Group 4: 


. 5. 75. 76 




Group 5: 


31. 32. 70 




Group 6: 


38. 39. 42 . 


15 


Group 7 


7. 8 




Group 8: 


14. 15. 82 




Group 9: 


9. 77. 73* 




Group 10 


23. 46. 47 
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Group 1 1 


63. 64, 81 




Group 12 


48, 5 1 . 43 




Group 13 


44. 45. 65 




Group 14 


56. 57, 89 


5 


Group 15 


68. 66. 22 




Group 16 


79. 80. 33 




Group 17 


52. 53. 1 




Group 18 


16.17.55 




Group 19 


71.72.3 


/o 


Group 20 


85. 86. 2 




Group 21 


87. 88, 37 




Group 22 


59. 60 




Group 23 


10, 12. 34. 35 




Group 24 


73.74,61.62 


ts 


Position 1 (40 groups) 




.Group 1: 


20. 21 




Group 2: 


18. 19 




Group 3: 


73, 74 




Group 4: 


28. 29 


20 


Group 5: 


75. 76 




Group 6: 


31. 32 




Group 7: 


. 38. 39 




Group 8: 


7. 8 




Group 9: 


14, 15 


25 


Group 10 


16. 17 




Group 1 1 


79, 80 




Group 12 


71, 72 




Group 13 


52. 53 




Group 14 


85. 86 


30 


Group 15 


87. 88 




Group 16 


59. 60 




Group 17- 


77. 78 




Group 18 


61,62 




Group 19: 


63. 64 


35 


Group 20. 


48.51 




Group 21' 


44. 45 




Group 22: 


56. 57 




Group 23: 


58. 42 




Group 24: 


3. 33 


JO 


Group 25: 


68. 66 




Group 26: 


10. 12 




Group 27: 


34. 35 




Group 28: 


46. 47 




Group 29: 


55. 82 


J5 


Group 30: 


70. 5 




Group 31: 


11. 23 




Group 32: 


36. 54 




Group 33: 


37, 81 




Group 34: 


1 


50 


Group 35: 


9 




Group 36: 


89 




Group 37: 


65 




Group 38: 


2 




Group 39: 


43 


55 


Group 40: 


22 




c. Model beads (TeriiaGei beads. 



Leu and n-His-P'O* Tyr-Pro-Pro. 

Monoclonal antiOOdy to human /i-endoronm 



(Boolwinqer Mannheim. Germany Cat No i()89 I TO* 



EP 0 639 584 A1 



reacts with the N-term.nal Tyr-Gly-Gly-Phe sequence of human ^-endorphin 

STa'C" an " b0dieS a9amS ' m ° USe ' 9G C ° n,U9a,ed W " h alka " ne Ph0sphatase (BioMakor - 

TcXto Z 0 B !t l it,Z USA) ^ ~ ° 0S °" °' % T - * 0 -33 

Wash buffer: PBS containing 0.05% NaN 3 and 0 J Tween 20 

^:,^~ h ' 0,0 • 3 ■' na0 ' , ' PB0SCna ' e «* "° »..-g -to- .n 0.5 „ 



'0- Method: 



/5 



20 



25 



The pepMe libraries »ere syninesiaeo esaensal,, as piously rfespribeo 

p«^:r^r. s r as r wmM us,n9 ,he ,o "°™ i " 9 s,eos ,au — — «* 

a. Washes of the beads with wash buffer. 

b. feoobaion of M beads -ith bwpk.no buffer for 45 minutes 10 blook rron-speoifio fofe,ao,i„„ s 
d. Six washes with wash buffer 
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Results: 



The staining results are given in Table B-1: 



Table B-1 ' 
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Staining of .beads with anti-enxiorphin McAb clone 3-E7 


Bead Source 


Number of Blue-stained Beads 


Library 6: Tyr at N-terminal 
Library 6: Pro at N-terminal 


s about 100 beads 
about 50 beads 



Some of the stained beads were submitted for N-iarminai 
™or„sP0pe TOe r ro „oe, m , Biosys JSaoo itST JSZ2J?4I ST ^ 

Table B-2 



J5 







Sequence Results of Blue-stained Beads 


No. 


Bead Source 


Position 1 


Position 2 


Position 3 


Sequence 


t 


Lib. 6:Tyr at n-terminal 


Tyr (Y) 


Gly (G) 


Gly (G) 


nYGG 


2 


Lib. 6:Tyr at n-terminal 


Tyr (Y) 


Met (M) 




nYM 


3 


Lib. 6:Pro at n-terminal 








no sequence yield 


4 


Lib. 4 


Lys (K) * Tyr (Y) 


Phe (F) + Thr (T) 


Thr (T) + Leu 
(L) + Gly (G) 


n-K.Y-F T-T L G 


5 


Lib. 4 


Gin (O) 


Gly (G) 


Tyr (Y) 


nQGY | 


6 


Lib J 


Tyr (Y) 


Gly <G) 




nYG ! 



50 
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Oiscussion 

As can be seen the sequence in nYGG. that is part of the peptide sequence to which the antibody was 
raised, was identified by library 6 (70.000 hexapeptides per bead). These results prove our basic hypothesis 
5 about the ability to detect specific sequences synthesized on beads carrying many hexapeptides per bead. 

The other sequences obtained nYM and nQGY were not reported in the literature but could be correct 
due to the fact that those sequences may contain some non-conventional amino acids (that were not used 
in previous reports) in positions closer to the C-terminai and O isomers of the YGGF amino acids at any 
position, that can influence the binding to the antibody epitope. Furthermore, the amino acids Gin (Q) and 
to Met (M) recognized by as were also common in some of the literature reports but in other positions of the 
tetrapeptide sequence. The sequence nQGY seem to contain the reverse of nYG and might be recognized 
by the antibody. 
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Working Example C \ 

35 This section describes the synthesis and screening of a library prepared from glass beads. 

The glass beads were obtained from Potters-Balotinf in France. Type 5000 beads were used. The 
claimed diameter of the beads is 0-30 microns. The beads were separated by 1G precipitation and a 
subtraction was obtained. The average diameter of the separated beads is about 7 microns. 

The capacity of the beads is - lumole/ml, which corresponds to about 300.000 peptides per bead. 
jo Thus, assuming there are 1000 different peptides per bead, each of them will be represented by 300 
peptides. 

The beads were washed with about 60% nitric acid for 5 hours. The acid washed beads were animated 
with aminopropyltriethoxysilan (2% in ethanol for l hour at 95 ■ C). Coupling of amino acids was performed 
as follows: 

J5 FMOC protected amino acid 25 mM in DMF. 



50 



PyBOP 


25 mM in DMF. 


HObt " 


25 mM in DMF. 


NMM . 


42 mM 



Coupling was performed for I hour with continuous.". 

The library was built from the following 74 a-amme FMOC protected ammo acids: 
1-3. 5. 7-12. 14-23. 28. 29. 31-39. 42-48. 51-66. 68. 70-82. 85-89. 120. 
■o The first incorporated ammo acid (at the C-termmai) was :i-Aia. 

For the second ammo acid the ammo acids wore gioupeu as shown m Fable C-i 
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Ttble C-2 



5 



ro 



25 



I 


7 


13 


19 


25 


31 


37 


10AUC-D 


3lGlu-D<Obu<> 


53 NUM. L 


46UuM-D 


56NU-D 


79Tyr-D(But) 


5Aib-L 


I2ALC-L 


32Glu.L(Obui) 


S7V41M-D 


47UuM-L 


57Nlc-L 


80Tyr-LCBut) 


9A1*B 


2 . 


8 


14 ' 


20 


26 


32 




7AI«.D 


20Asp-D(O8ui) 


88V«IM-L 


1 4AltM*D 


59Nv.-D 


77Trp-D 




SAJ.-L 


2IAjp-L(OBut) 


36GlyM 


15AJ.M-L 


60Nv.-L 


78Trp-L 




3 


9 


15 


21 


27 


33 




l6Arg-D(Mtr) 


ISAsn-D 


70Ph<:pNt-L 


48Ly$-D(Boc^ 


610m-D(BOC) 


73S<r-D(Bui) 




!7Arg-LfMtr> 


l9Asn-L 


I20PhcpN(-D 


5lLy*-L(Boo) 


620rn-L(BOC) 


74Scr-L0But) 




4 


10 


16 


22 


28 






44U-0 


34GlyC-L 


37GlyP-L 


52Mei-D 


38His-D<Tn) 


75Thr-D(Bu() 


- 


J^l Ml 1 

■♦JLtU-L 




avHyp.L( lou) 


53Mci-L 


39Hii-L(Trr) 


76Thr-L(But) 




5 


U 


17 


23 


29 


35 




IIAciE 


29Gln-L 


4:n c -L 


66Ph«M-D 


63Phc-D 


7lPro-D 




Ub.-L 


28Gln-D 


35V.I-D 


68PhcM-L 


64Phc-L 


72Prt>L 




6 


12 


18 


24 


30 


36 




2Abu-L 


22Av»5 


86V a UL 


43U«M-L 


S4MctS-L 


SITyr2.5U-L 




3AbuG-L 


65Ph«-4CI-L 


33Gly 


23Cit-L(Bos) 


55MetSO-L 


82Tyr3.5Br-L 





30 

For reasons of convenience, the initial 37 step 6 groups were merged into 12 larger groups, labeled A-L 
in Table C-3. Thus step 6 groups 1-3 went into tube A, groups 4-6 into tube B, etc. 

\ 

35 ■ Table C -3 
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A 


8 


C 


0 


£ 


F 


C 


H 


I 


J 


IC 


L 


1 


4 


7 


10 


U 


U 








3 


Jl 


W 


I0AUC- 








MNV.M. 








5-iNW-O 








D 




CXObui 


L 


L 




0 






CXTrtl 












JJCUC 


T7\*]M . 






JJMei-L 


J7NVL 


i«Mo. 


*7T\». 


■<rr>j ■ 


L 




UOtMt 


D 


O 


UTbO 


L 








URu.1 


l/Boi 



J5 
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8 


C 


D 


£ 


F 


c 


H 


' ! 1 


K 






J . 


J 


11 


M 


17 


2fl 


3 


u 






05 


?Ab-0 




CXObutt 


NOL-vL 


av»iM. 

L 




I4AUM- 
0 


0 














UOBui 




WCIyM 


«v*j-d 


MAW*. 
L 


L 


60N*»-L 








3 


i 


f 


12 


15 


if 


21 


14 




JO 


jj 




IftArr 


lAbu-L 


ISAjo-O 


^AwJ 


•L 




DfBoc) 


OOeML 


6I0r>. 
tXBOO 


L 




IITyri 

5 U-L 


I7A/|. 
UWtfl 


)Ab«C.L 


WA*o-L 




Ni-0 


UCly 


JILy»- 
UBoc> 


UBo.) 


620m- 
UBOO 


35M«tSO 

•L 




5Br-L 
























37 
























iAib-L 



























70 



75 



20 



25 



30 



35 



In Table C-4. the amino acids listed in the column headinqs in C-4 are thn<;p carton a , . h 
position from the N-terminal. Either o, two different am.no acids Tre'ound 

a given bead. Since Tube A comprises beads from three different step 6 groups me !T« Six pos ,b , tie 
. for th.s position for the beads of a given tube A-L. . possibilities 

C °" tentS ° f tube A were ,hen distributed into 37 micronic tubes to be placed in column "A" of a 
microtiter plate. The contents of each of these 37 tubes was reacted with the corresponding two am.no ac.d 
mixture se, forth on the left side of Tabie C-4. thus suppiying the amino termina. a^o acidTe c n te s 

■JiW.nr ,or binding ,L6 ,hat was r ed wi,h «— — ^ w as 

The library was stained with TBPl that was labeled with tetramethyl rhodamme Staining was observed 
ZZ^IT" 10 Tab ' e C ' 3 bel0W " P0Sit ' Ve meanS ,hat < he co^Led aTlea^ 
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Table C-4 





Possible amino actds ai 2od posnioo from N-<ermiaal 


I0a1«C- 
0 


0 


3ICIu- 
O(Ohur) 


3-iGlyC- 
L 


58N««M- 
L 


L 1 
, 1 


I2AUC- 
L 


-»5L«u- 
L 


32Glu- 
L(Ohut) 


35CI>C- 
D 


S7V.IM- 
D 


S9Hy P - 
UTbul 


7AU-D 


MAc«£ 


ZOAip- 
0(0 But ) 


29Cln-L 


SSValM- 
L 


42IU-L 


SAU-L 


' 1 Ah*- L 


Ll.OBuu 


23Gln-D 


36GIyM 


SSV«UD 


l6Afj- 
D(Mtr) 


2Abu-L 


ISAxn-D 


22Av»5 


TOPhepN 
t-L 


S6V.J-L 


17Arg- 


3AboC- 
L 


!9A*n-L 


65Ph«. 
4C1-L 


COPhcp 
Nt-0 


33CN 




























No. 


Possible atuiuo acids at 
N-terminaJ 


A 


B 


C 


D 


E 


F 


1 


10AUC-0 


12AUC-L 


0 


0 


0 


0 


0 


0 




7AU-D 


SAU-i. 


1 


1 


\ 


0 


0 


0 


3 


l6Arg- 
D(Mu) 


HArg- 
LfMtr) 


1 


1 

\ 


1 


1 


1 


0 


j 


44Lu«-D 


45Uu-L 


0 


1 


0 


1 


1 


1 


5 


ItAv.E 


lAh4-L 


0 


1 


1 


1 


1 


1 


6 


:Ahu-L 


3 AbuG-L 


0 


0 


0 


0 


0 


0 


7 


3lClu- 
D(Obui) 


:iciu. 

LfOhutl 


0 


0 


I 


0 


0 


0 


3 


lOA.p- 

D(OBui) 


:iA$p- 

L(OBui) 


I 


t 


0 


1 


0 


1 


9 


(SAsa-D 


1 9 A in • L 


I 


0 


0 


0 


0 


0 


10 


j4ClyC-L 


)SC1>CD 


0 


0 




1 


0 


0 


1 1 


:9Cln-L 


:scin-o 


1. ^ 


0 


1 


1 


0 


0 






65Phc -»Cl- 

1. 


0 


0 


0 

1 


0 j A 0 

1 


0 
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No. 


Posirt>le a 
N-ce 


roino adds ai 
nrnioaJ 


A 


B 


c 


0 


E 


F 


5 


13 


SSN'UM-L 


S7V*lM-D 


0 


0 


0 


0 


0 


0 




M 




3 6GlyM 


0 


0 


0 


0 


0 


o 


JO 


IS 


70PhepNi-L 


i;0Phep.N|. 
0 


0 


0 


0 


0 


0 * 


o 




16 


37ClyP-L 


S9Hyp- 
L(Tbu) 


0 


0 


0 


0 


0 


0 




17 


42llc-L 


55V«|-o 


0 


0 


I 


0 


0 


1 


15 


IS 




33Gly 


0 


0 


0 


0 


0 


0 




19 




4<UuM-l 


0 


0 


0 


0 


0 


0 


20 


:o 


UAIiM-D 


15AUM-I 


0 


1 


0 


1 


! 


0 


:i 


D(Boc) , 


L(Boc> 


0 


0 


0 


0 


0 


I 






52Met-0 


5 3 Met- L 


0 


0 


0 


0 


0 


0 


25 


23 


66PheM-0 


6SPhcM-L 


0 


0 


0 


0 


0 


0 




24 


*3II«M-L 


2JCit. 
L(Bo«) 


0 


1 


0 


0 


0 


0 


30 


25 


56NI«-D 


57N1e-L 


0 


0 


0 


0 


0 


o 




26 


59Nv..D 


60Nv..L 


0 


0 


0 


0 


0 


0 




27 


6lOm- 
Of.BOC) 


620m- 
L(BOO 


0 


0 


0 


0 


0 


0 


35 


:s 


2SHii-Drrni 


39Hi»- 
LiTni 


0 


I 


0 


0 


0 


0 




29 


63Pti*-D 


64ph«L 


0 


0 


1 


0 


0 


0 


*0 


30 




55MetSO-L 


0 


0 


1 


0 


0 


0 




31 


79Tyr-D'Burt 


SOT vr- 
L(bui) 


0 


0 


0 


0 


0 


0 


'5 


32 " 


77Trp-D 


78Tfp-L 


0 


0 


0 


0 


0 


0 


33 


73Ser-D(BuO 


LfBui) 


0 


0 


0 


0 




0 


50 


" ! 

i 


75Th r .D^BuO 


76Thr- 
L«"8ut) 


0 


" 0 


0 


0 


0 


0 




35 


':Pr..-0 




0 


o i 
1 


° ! 




-<* 


0 

1 



*5 
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5 



No. 


Possible am 
N-(ern 


inn acids at 
itnal 


A 


B 


c 


D • 


E 


F 


36 


SITyr2.5U-L 


S:Tyr3,5Br- 
L 


0 


0 


0 


0 


0 


0 


- 


5Aib-L 


9AJ.B 


0 


0 


0 


o' 


0 


0 



/5 



20 



25 



30 



\ 

35 



J 0 



J5 



55 
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Pc 


ttsible A/uiao acid$ n 2od posirioa from N-itrtninal (Cou('d) 


46UuM 
D 


0 


5cNle-D 


iSHii- 
D(Trt) 


79T >r . 
Di.Buw 


oThr- 
D(But) 


L 


53M<t- 
L 


57Nie-L 


39His- 
L(Trt) 


SOTyr- 
MBun 


76TV- 
L(Bui) 


I4AUM- 
D 


66PheM 
•0 


S9Nv»-D 


63Phe-D 


77Trp-D 


7lPro-D 


I5AUM- 
L 


68PhcM 
-I 


60Nv«-L 


64Phe-L 


7STrp-L 


72 Pro- L 


48Ly«- 
OfBoc) 
7 


43UeM- 
L 


610m- 
DfBOC) 


L 


73S<r. 
D(But) 


3lTyr2. 
5 tl-L 


5lLy». 
L(Boc) 


:3c«i- 
ueos) 


62}Om- 
Li BOQ 


55MetSO 
-L 


74S« r . 
UBuO 


32Tyr3, 
5 Br-L 












5Aib-L 
















9.AJ«B 


No. 


Possible an 
N-len 


lino .ncids at 

m in 3 j 


G 


H 


( 


/ 


K 


i 

1 


1 


10AJ.C-D 


!2AltC-L 


' 


0 


o • 


0 


0 


0 | 


2 


7AI.-D 


SAU-l 


I 


0 


1 


! • 


0 


o 


3 


loArg- 
D^Mtr) 


L(Mtn 


0 


0 


0 


0 


0 


0 


4 


■ULue-0 


45Uu-l 


0 


I 


] 


1 


1 


0 


5 


I lAc.E 


lAhi-L 


0 


V 


i 


0 


1 


1 


. 6 


2Abu-L 


3AbuC-L 


0 


1 


0 


0 


0 


1 


7 


JlGlu- 
D(Obut) 


2lCIu. 
L(Obui) 


0 


0 


0 


o • 


0 


1 


8 


:oa* p . 
Df.oautj 


2lAtp- 

UOSuO 


0 


0 


0 


0 


0 


I 


9 


lSAjn-D 


19A$n-l 


1 


1 


0 


0 


0 


0 


10 


JJGIyCL 


35C1/CO 


0 


1 


0 


0 


0 


0 


1 t 


:9Gln-L 


ISGInD 


0 


0 


0 


0 


0 


0 


12 


::avo 


65Ph e -4CJ- 
L 


3" 


0" 


0 


0 

t 


0 

i 


0 
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to 



75 



20 



25 



30 



35 



40 



45 



50 



No. 


Possible an 

N-(€H 


lioo adds at 

ti inui 


C 


H 


1 


J. 


K 


L 


13 


5SNlcM-L 


87V.IM-0 


0 


0 


0 


0 


0 


0 




8SV.IM-L 


36GlyM • 


0 


0 


0 


0 


0 * 


0 


15 


TOPhepNc-L 


!20PhepNi- 
0 


0 


0 


0 


0 


0 


0 • 


16 


37ClyPL 


89Hyp- 
L(Tbu) 


0 


0 


0 


0 


0 


0 


17 


42 lie -L 


S5V.1-D 


0. 


0 


0 


0 


0 


0 


ts 


S6Vil-L 


33Cly 


0 ^ 


0 


0 


0 


0 


0 


19 


-J6UuM-D 


47LeuM-L 


0 


0 


0 


0 


0 


. 0 


20 


14AUM-0 


I5AUM-I 


0 


0 


0 




0 


0 


21 


4SLy$- 
O(Boc) 


5 1 Lyi- 
L(Boc) 


0 


0 


0 


0 


0 


0 


22 


52Met-D 


53Mct-L 


0 


0 


0 


0 


0 


I 


23 


66PheM-D 


68PheM-L 


0 


0 


0 


0 


0 


0 


24 


-i3IIeM-L 


2JCU- 
UBos) 


0 


0 


1 


0 


0 


0 


25 


SoNle-D 


~*57Nle-L 


0 


0 


0 


0 


0 


0 


26 


59NV4-D 


60Nv«-L 


0 


°.- 


0 


0 


0 


0 


27 


610m- 
D(BOC) 


620m 
L(BOQ 


0 


T — 

0 


0 


0 


0 


o 


23 


2SHi$-0(Tn) 


39Hii- 
L(Trt) 


0 


0 


~0 


0 


0 


0 


29 


63Phe-0 


64Phe-t 


0 


0 




0 




0 


30 


5-»M«t$.L 


SSMeiSO-L 


0 


0 


. 0 


0 


0 


0 


31 


79Tyr-0(But) 


SOTyr- 
L(but) 


0 




0 


0 


0 


0 


32 


77Trp-D 


73Tfp-L 


0 


0 


0 


0 


0 


0 


33 


"3Scr-0(8ui| 


74S«r- 
LfBut) 


0 


0 


0 


0 


* 0 


0 

I 



r 



EP 0 639 584 A1 



No. 


Possible am 
N-ceni 


ldo acids at 
linaj 


c 


H 


I 


J 


K 


I 


34 


75Thr-D(Bui) 


76(Thr- 
LfBut) 


0 


0 


0 


0 


0 


0 


35 


7lPro-D 


72Pro-L 


0 


0 


I 


0 


0 


0 


36 


3lTyr2.5a-L 


82Tyr3.5Br. 
L 


0 


0 


0 


0 


0 


0 


37 


5Aib-L 


AiaB 


0 


0 


0 . 


0 


0 


0 



Staining procedure 

The beads are adsorbed in 6 well plates. To the wells is added PBS containing 0.1% Tween 20 and 
0 1 A sod.um az.de (wash buffer). The wash buffer was removed by suction. To the wells was added 200ul 
of blocking buffer (PBS + lmg/ml of l-block ♦ Ca" 0.9 mM + Mg» o.S mM) containing 5 ug/ml of TBP1 
(over 99% pure) labeled with tetramethyl rhodamine. The solution was incubated in the well for 30 minutes 
w,th gentle ag.tat.on. The wells were filled up (about 5 ml) with wash buffer. The wash buffer was removed 
by suction. 

Analysis procedure 

The wells were observed by fluorescence inverted microscope under i00x magnification. Some 
fluorescent debris were observed. Thus, suspected positive beads were verified by observation at 400x 
magnification. 

Reference Example: Peptide and Peptoid Synthesis 

\ 

Supports: 

The most common support material for solid phase peptide synthesis consists of beads made of 
polystyrene cross linked with .-4% of divinylbenzene (OVB). Other supports which have been used include 
among other, modified paper (cellulose) either as sheet or as Period beaded cellulose, polyamide based 
res.ns some of which are based on polyacryiamide. grafted polyethylene: Polyethylene glycol modified 
polystyrene: I % OVB which is commercially available as Ten.agel from several companies:- Modified glass 
e.ther as sheets (as used by Affimax). or as beads. Virtually, any material stable to the solvents and 
chem.cals used ,n peptides synthesis might be used as a support. The preferred support is Tentagel. 

Some reference for novel supports are cited below: 

1. Mendre. C, Sarrade. V. and Calas. B. Continuous flow syn.hes.s of peptides using a polyacryiamide 
gel resm (Expans.n ). International Journal of Peptide and Protein Research 39 278-284 1992 

2. Kanda. P.. Kennedy. R.C. and Sparrow. J.T. Synthesis of polyamide supports for use in peptide 
synthes lS and as pept.de-resin conjugates fcr- antibody production. Int. J. Pept. Protein Res. 38:385-391. 

3 Kiederowski. G. Light-directed parallel synthesis of. up to 250.000 dm'eren. oligopept.des and 
ol.gonuc.eot.des. Angew. Chem. Int. Ed. Engl. 30:822. .991. Note: Syn.hes.s on modified glass. Th,s .s 
the technology used by Affimax. 

4. Valeno. R. M.. Bens.ead. M.. Bray. A. M.. Campbell. R. a. ana Mae,, N.J. Syn.hes.s of pept.de 
analogues us.ng .he mult.pin syn.hes.s method. Anal.Biochem ,97 .68-177 ,99.. No.e Syn.hes.s on 
grafted polyethylene rods. 

5 Calas. 8 . Mer v . j . P are ..o. J. and Cave. A. So.id-phase Syn.hes.s us.mq a new ooiyacry.-c res.n 
Tetrahedron 4, 5331-5339. 1985 ' ' 
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6. Englebresten. D.R. and Harding. D.R.K. Solid phase peptide synthesis on hydrophilic supports. Part 
II- Studies using Perloza beaded cellulose. Int. J. Pept. Protein Res. 40:487-496. 1992. 

Protecting groups: 

5 

The two most common protecting groups for the a-amino group are tert-butyloxycarbonyl (Boc) or 9- 
Flourenylmethoxycarbonyl (Fmoc). The Boc protecting group is removed by acid conditions, e.g. by 100% 
TFA. The Fmoc protecting groups are removed under basic conditions e.g. by.20%. piperidine in OMF. We 
prefer to use the Fmoc strategy. 
jo Side chains of some of the amino acids also need to be protected to avoid damage during synthesis or 
to avoid formation of branched peptides by incorporation of amino acids at free amino group appearing on 
the side chain of a few amino acids (e.g. lysine, ornithine). The common protecting groups are as follows: 
For free amino groups: Boc; Fmoc; Benzyioxycarbonyl (C8Z): For free carboxy: tert. butyl ester; Benzyl 
ester; Cyclohexyl ester; 

;s For Arginine: Nirto (N0 2 ); Mesitylenesulfonic acid; Tosyl; Aspargine: Xanthyl; Methoxy-2,3.6-trimethylsulfone 
(Mtr); For Cystein: Acetamidomethyl; Benzyl thiether; tert. butyl thiether; 

Methylbenzyl; Methobenzyl; 3-Nitro-2-pyridinesulfonyl (Npys); For Glutamine: Trityl: Xanthyl (Xan); 
Hisidine: Tosyl; Trityl 

For free hydroxyis: Benzyl ether: tert butyl ether: Tryptophan: N-Formyl; N-Bromobenzoxycarbonyi: 
20 Nitrophenylsulfonyl (Nps); 

Tyrosine: O-Benzyl; 0-2.6-dichlorobenzyl: 

We prefer the following protecting groups: 

For free amino groups: BOC 

For free carboxyl groups: tert. butyl ester. 
25 For Cystein: Note used. 

For Glutamine and Aspargine: None". 

For Histidine: Trityl. 

For free hydroxyl groups: tert. butyl ether. 
For Tryptophan: None 
30 For Arginine: Methoxy-2.3.6-trimethylsulfone (Mtr) 

Coupling reagents: 

The coupling of amino acids in solid phase peptide synthesis has been under study since the 
35 introduction of the technique by Merrifield in 1967. Today, the synthesis of short peptides composed of the 
20 common L-amino acids can be performed by any of a large selection of methods. Recent reports in the 
field describe novel methods intended to: 

1 . Shorten synthesis time. 

2. Reduce racemization during synthesis. 
<*o 3. Enable synthesis of long peptides. 

4. Enable synthesis of "difficult" sequences. 

5. Enable incorporation of unnatural amino acids such as N-substituted amino acids, or o-carbon di- 
• substituted amino acids where the free H is replaced with another group. 

6. Improve the automation of peptide synthesis. 
. <J5 7. Improve large scale peptide synthesis. 

8. Produce peptides with different types ol pseudopeptide bonds such as: 
Carba *(CH2); 
Oepsi *(CO-0); 

Hydroxyethylene *(CHOH-CH2): 
so Ketomethylene *(CO-CH2): a 
Methylene-oxy CH2-0-: 
Reduced CH2-NH: Retro inverso NH CO: 
Thiomethylene CH ; -S-: 
Thiopeptide CS-NH. 

55 9. Improve production of peptides having constrained conformations such as cyct.c peptides or multiple 
antigen peptides (MAPs). 
Several roceni examples foi studies ol peptide synmosis are oaxi below 
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Protein Res. 40:180-193 1992 assembly of difficult sequences. Int. J. P ept . 



1992 
Materials: 



™" "" °" !em '" V9mi0 " ' S ~ » - « - « Support. 

t 



Preferred Synthetic Cycle 

One cycle of the synthesis consists of the following operations: 
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Table 100: Peptide Synthesis Cycle 



5 


Step 


Operation 


Reagent 


Volume/ml 
total resin 
(Ml/well) 


Time 
(min . ) 


Notes 


10 


1 


Fmoc 

deprotec- 
tion 


20% - 

piperidine 
in DMF 


300 


10 


in 

wel Is 


2 


sup . 
removal 










t c 

1 0 


3 


Fmoc 

deprotec- 
t ion 


20% 

piperidine 
in DMF 


300 


5 






4 


sup . 
removal 












5 


was h 


DMF 


jUU 


c 
D 




20 


• 6 


sup . 
removal 












7 


wash 


DMF 


300 


5 




25 


8 


sup . 
removal 












9 


wash 


DMF 


300 


5 






10 


sup. 
removal 










30 


11 


resin 
collec- 
tion 


200 Mi/^ell 
X3 times 


mixing 
thoroughly 




in 
• bulk 


35 


12 


dividing 
resin 


equal 

volume/well 


■•.with mixing 




into 
wells 




13 


sup . 
removal 












14 


wash 


DMF 


300 


1 min. 




JO 


15 


sup . 

remnva 1 












16 


coupling 


3 equiv. 

Fmoc AA 

3 equiv. BOP 

5 equiv. NMM 

3 equiv. 

Hobt 




30 

min . 


vor- 
tex 


50 


L7 


sup . 
removal 










13 


wash 


DMF 


300 







r 



r 
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ts 



20 



25 



30 



35 



40 




Abbre via t ions : 
DMF - M f N Dimechylformamide 
Hobc - Hydroxybenzocriazole 
MM - 4 Methyl morpholine 
BOP 



1 Hydrate 



Benzotriazol -l -YL-oxY-TOTc /rw 
^ flMnr • u OXY TRIS- (Dime chylajnir.o ) Phosphonxum 

uexatluorophosphace 

js Fmoc - Fluorenylnechyoxycarbonyl 

so Peptides inducting Unusual Amino Acids 

The current trend in peptide Synthesis esnpr.aiiw ;„ 
■ncorpora.ion o. many diHeren, Jes oTboiwTno ",oc iTTf °' ' rfa " 0nal ^ deSi9 ° Ca " S '° f the 
acds which are no, gene.ical.y encoded ^l^Z^Z^T T ^ "** "* am ' n ° 

,5 The references cod Oe.ow ,nd,ca.e some o^esl^XZ °' V3 " 0US am,no M 

i Bieifeidi. r. Peiers. S.. Meidai. M. Bock K ann P*..i can m « 

ol 0-glycopeoi.des Ange* Chem (EngVJi 857 859 ,992 SUa '° q ' / "* S0 " d - phase ******* 
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2. Gurjar. M.K. and Saha. U.K. Synthesis of the glycopeptide-0-(3.4-di-0-methyl-2-0-(3.4-di-0-methyi-o- 
L-rhamnopyranosyl]-a-L-rhamnophyranosyl)-L-alanilol: An unusual part structure in the glycopeptidolioid 
of Mycobacterium fortuitum . Tetrahedron 48:4039-4044. 1992. 

3^Kessler. H.. Wittmann. V.. Kock. M. and Kottenhahn. M. Synthesis of C-glycopeptides via free radical 
addition of glycosyl bromides to dehydroalanine derivatives. Angew. Chem. (Engl.) 31:902-904 1992 

4. Kraus. J.L. and Attardo. G. Synthesis and biological activities of new AAformylated methionyi peptides 
containing an a-substituted glycine residue. European Journal of Medicinal Chemistry 27:19-26 1992 

5. Mhaskar. S.Y. Synthesis of N-lauroyl dipeptides and correlation of their. .structure with surfactant and 
antibacterial properties. J. Am. Oil Chem. Soc.69:647-652. 1992. 

6. Moree. W.J.. Van der Marel. G.A. and Liskamp. R.M.J. Synthesis of peptides containing the 0- 
substituted am.noethane sulfinamide or sulfonamide transition-state isostere derived from amino acids 
Tetrahedron Lett. 33:69-6392. 1992. 

7. Paquet. A. Further studies on the use of 2.2.2-trichloroethyl groups for phosphate protection in 
phosphosenne peptide synthesis. International Journal of Peptide and Protein Research 39:82-86. 

8 Sewald. N.. Riede. J.. Bissinger. P. and Burger. K. A new convenient synthesis of 2-trifluoromethyi 
substituted aspartic acid and its isopeptides. Part 11. Journal of the Chemical Society. Perkin 
Transactions 1 1992:267-274. 1992. 

9. Simon. R.J., Kania, R.S.. Zuckermann. R.N.. Huebner. V.O.. Jewell. D.A.. Banville S Ng S Wanq L 
Rosenberg. S.. Marlowe. C.K.. Spellmeyer. DC. Tan. R.. Frankel. A.D.. Santi. O.V.. Cohen. RE. and 
Bartlett. P.A. Peptoids: A modular approach to drug discovery. Proc. Natl. Acad. Sci. USA 89:9367-9371. 
1 992. 

10. Tung. C.'-H.. Zhu. T.. Lackland. H. and Stein. S. An acridine amino acid derivative for use in Fmoc 
peptide synthesis. Peptide Research 5: 115-1 18. 1992. 

11. Elofsson. M. Building blocks for glycopeptide synthesis: Glycosylation of 3-mercaptopropionic acid 
and Fmoc ammo acids with unprotected carboxyl groups. Tetrahedron Lett. 32:7613-7616 1991 

12. McMurray. J.S. Solid phase synthesis of a cyclic peptide using Fmoc chemistry.' Tetrahedron 
Letters 32:7679-7682. 1991. 

13. Nunami. K.-l.. Yamazaki, T. and Goodman. M. Cyclic retro-inverso dipeptides with two aromatic side 
chains. I. Synthesis. Biopolymers 31:1503-1512. 1991. 

14. Rovero. P. Synthesis of cyclic peptides on solid support. Tetrahedron Letters 32 2639-2642 1991 

15. Elofsson. M., Walse. B. and Kihlberg. J. Building blocks for glycopeptide synthesis: Glycosylation of 
3-mercaptopropionic acid and Fmoc amino acids w'jth unprotected carboxyl groups Tetrahedron Letter 
32:7613-7616. 1991. \ 

16. Bielfeldt. T.. Peter. S.. Meldal. M.. Bock. K. and Paulsen. H. A new strategy for solid-phase synthesis 
of O-glycopeptides. Agnew. Chem (Engl) 3 1 857-859. 1Q92. 

17. Luning. 8.. Norberg. T. and Tejbrant. J. Synthesis of glycosylated amino acids for use in solid phase 
glycopept.de synthesis. . par 2:N-(9-fluorenylmethyloxycarbonyl)-3-0-{2.4.6-tri-0-acetyl-a-D- 
sylopyranosylH-O-glucopyranosylJ-l-serine. j. Carbohydr. Chem. 11933-943 1992 

18. Peters. S.. Bielfeldt. T.. Meldal. M.. Bock. K. and-Paulsen. H. Solid phase peptide synthesis of mucin 
glycopeptides. Tetrahedron Lett. 33:6445-6448. 1992. 

19. Urge. L.. Otvos. L. Jr.. Lang. E.. Wroblewski. K.. Laczko.l. and Hollosi. M. Fmoc-protected 
glycosylated asparagines potentially useful as reagents in the solid-phase synthesis of N-gl y copept,des 
Carbohydr. Res. 235:83-93. 1992. 

20. Ger*. M.. Matter. H. and Kessler. H.. S-glycosylated cyclic peptides. Angew. Chem. (Engl.) 32:269- 
2 T t , \ 9 9 3 * 

Branched Peptides 

One of the advantages of the chemical approacn to peptide libraries (as opposeS to libraries expressed by 
b.olog.cal means, e.g. filamentous phages) is me ability to produce and test branching peptides. Early 
examples .n the literature (or such structures are found m the use of mulnple antigen.c peptides (MAP) as 
.mmunogens. m MAPs. peptide haptens are attached to a branching "tree" of lysines 

1. Baieux. F. and 0ubo.s. P. Novel ve.s.on 0 l Muit.pie Ant.gemc Peptide allowing mcorporanon on a 

Cysieme lunctionai.zed lysine tree. int. j. Peot. Protein Res. 40 7-12 1992 

2 Munesmqhe. 0.Y . C.av„o. P . Calie. M C Nussen.weig. R S. and Narci.n. E. immunogen.c.v oi 
muinoie an„g C n popnacs (MAP) coma.....*; r .,,„, b con op.tooes of ;h* repeat reg.on oi P 
lalcoarum orcumsooro/Oile pioicm Eur j Immunol 2 1 30 1 5-3020. 1991 
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in the current MAP system identical peptide sequences are repeated several time in the MAP structure 
Such an arrangement apparently stabilizes the peptide conformation, allowing for better presentation o the 
JSTh FT? '"I be " er immuno 9en icit y. The use of approaches similar T he S cou d 

enable better b.olog.cal acbvity of peptides due to stabilization of conformation 

h«J? ' nleraC , U °" °' Sh0rt linear P e P (ides <neir targets occurs a.ong the peptide length Formation of 
branch, g peptides may enab.e interaction of the peptide with the targe, throughout a Lface ld thus 
m,m,c the type of mteraction of some antibodies with their target antigens (as observed 1 x! 
crystaography and analysis of antibody-antigen complexes,. This 9 type of in, raction opens u P Z 

Cyclic Peptides 



oe27r<? n T a "l ° C ? h Umn9 P6Ptide ^ CyC ' iC - CyC ' izati0n is a com ™ mechanism for stabilization of 
peptide conformation thereby achieving improved association of the peptide with its liqand and hence 

ZZ^oT^T Cy h C ' iZati0n " USUa " y aChi6Ved by ^<*a.n Cystine formlfby foTma on 0 

peptide bond between s.de chains or betweervN- and C-termina.s. CyCzation was usually achieved by 

onZt^ T S6Veral PUb ' iCati0nS h3Ve appeared fecent, y ,hat des -<* cyciizati n of pepSde 
appmach " ' TheS6 PUb ' iShed ™ V * 3PP ' iCable t0 ou ' ^ 

.. Spatola, A.F.. Anwer. M.K. and Rao. M.N. Phase transfer catalysis in solid phase peptide synthesis 
Z^^^^T^' P6PtldeS " -ormation^analyslS 

dehorn I cI^ «s o, a cyclic peptide 

'^nia^i^sr cyc,,zed pept,des - so,id — by ^ ~ 

4 n W °° d ; !' J T T tZe '- R - N ° Vel C y c,iza,ion ch ^^try especially suited for biologically derived 
unprotected pept.des. Int. J. Pept. Protein Pes. 39 533-539 1992 aenvea. 

rJ?"' °" °- Ch0reVl M - Se ' inger ' 2 - 3nd Byk ' G - Backb °™ cyclization: A new method for 

conferring conformational constraint on peptides. Biopolymers 3, 745-750 1991 

te^ert^^r Se Synth6SiS ° f 3 CyCHC ^ "** Fm0C - re.sne.ron 

n " Overo - P r S y" thesis of c V cli c Peptides on solid support. Tetrahedron Letters 32:2639-2642 .991 
8. Ya„ma. X. CyCzation on the bead via fol.owing Cys Acm deprotec.ion. Tetrahedron 44:805. ,988. 

Peptoid Synthesis - 

Most, if not all of the materials containing at least 1 free amino and . free carboxy. group miqh, be 

e f ee Sy am n 6S,S F^T ^ " ^ a " ,he ma ' e ' ials havi "9 on-y a 4*, e oTgr oup 

(i.e. free am.no or free carboxyl). can be incorporated at the C-or N- terminals respectively or a! 
appropriate s.de chains. Most if not all materials hav.ng a groups reactive with free rb T re amino 

m notr 10 9f0UP .f C0U ' d ^ m ° di,iCati ° n °' t6 ™ al 0f •»» side of appropr a 7e 

am.no ac.ds. So far only a small vane.y of such compounds have actually been used for synthes.s Some of 
the reported structures are described below: symnes.s. some ot 

K Modification of the R group in single Co substituted am.no acids. Modified R groups that have been 
reported are: G.ycosyiated. phosphorated, sulfated, metal chelators, nucleotide res.dues. and many 

LToorSdTnto T T b00dS pSaud0pe P Ilde ^ Pseudopept.de bondsare usua.lv 
.ncorporated ,nto d.-pseudopept.des which are then incorporated ,n,o peptides it is no. poss.bie to 
sequence such propeptides and thus sequence determ.nation wo^d have to re, n en o ng 
CarVTcH^H; ^ " "* ^ ^ d —^ « *» "erature 

Depsi *(C0-0) 

Hydroxyethylene *(CHOH-CH ? ) 
Ketomeihylene *(CO-CH.) 
Meihylene-ocy CH,-0- 
ReduCGCl CH,-NH 
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f 
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Retro inverso NH CO 
Thiomethylene CH 2 -S- 
Thiopeptide CS-NH 

3. Backbone modifications: Use of non-a amino acids e.g., /3-Alanine. 

4. a-amino acids with 2 R groups of the Ca. The R groups may be similar or different. 

5. Dehydroamino acids (see below). 



COOH 



\ 



C-NH : 

II 

CH 



6. N-modified amino acid of the general structure: 

COOH 



H C R, 

I 

H N R, 



References: 



1. Corringer. P.J.. Weng. J.H.. Oucos. B.. Durieux.'c. Boudeau. P.. Bohme. A. and Roques. B P CCK-B 
agonist or antagonist activities of structurally hindered and peptidase-resistant Boc-CCK. derivatives. J. 
Med. Chem. 36:166-172. 1993. Amino acids reported: aromatic naphthylalamnimide (Nal-NH2): N-methyl 
amino acids. 
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Table 101 



ID 


Shore. 


Name l 


D/L 


Pro- 


Pro- 




name 






tec- 












tec-' 










ting 


ting 










Groups 


Groups 










CL 


side 










amine 


chain 


1 


Aba2 - L 


Anthranilic a. 




Fmoc ' 




2 


Abu- L 


alpha- L-Aminobutyric 


L 


Fmoc 








3. . 
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3 


AbuG - L 


i 

gamma - L - Aminobuc vrie 
a . 


la 


Fmoc ■ 




c 
D 


4 


Asp - L 


L-Aspartic (ODmb) 


L 


Fmoc 


ODmb 




5 


Aib - L 


alpha-Methyl - L-.Ala 




Pmoc 




w 


6 


Lys -L 


L- Lysine (Dde) 


L 


Fmoc 


Dde 




7 


Ala - D 


D - Alanine 


0 


Fmoc 






8 


Ala-L 


L- Alanine 


L 


Fmoc 




15 


9 


AlaB 


Beta-Alanine 




Fmoc 






10 


AlaC-D 


Cyclohexyl -t>- Alanine 


D 


Fmoc 




20 


11 


AcaE 


Epsy Ion -amino- Caproic 
acid 




Fmoc 






IZ 




Cyclohexyl - L- Alanine 


L 


Fmoc 






13 


A.sp- L 


L-Asparcic (0-2 -Ada) 


L 


Fmoc 


0-2-Ada 


25 




AiaM- u 


N-Metnyl - D- Ala 


D 


Fmoc 






15 


AlaM- L 


N-Mechyl - L- Ala 


L 


Fmoc 




30 


Id 


Arg - D 


D- Arginine (Mtr ) 


D . 


Fmoc 


Mtr 




1 / 


Arg- L 


L-Arginine (Mtr) 


L 


Fmoc 


Mtr - 




1 a 


Asn - D 


D-AsDarqine 


D 


Fmoc 




35 


1 Q 


Asn - L 


L-Aspargine 


L 


Fmoc 








Asp - D 


D- Asparc ic (OBut ) 


D 


Fmoc ■ 


OBuc 






i c r\ X 
ASp - b 


L -Asparc ic (OBut ) 


L 


Fmoc . 


3 But 


^0 




rtvd D 


5 - Am i nova i eric a. 




Fmoc 






23 


Cic-L 


L - Cicruii ine (Boc) 


r 

u 


Pmoc 


b - Bzl 


J5 


24 


~ys-b 


b-Cys(S-Bzl) 


L 


Fmoc ! 


3-Bzi 




25 ( 


Zys - b 


L-Cys (Acm) . 


L 


Pmoc 


\cm 




26 ( 


:ys-L 


L-Cys(Buc) 


L 


Pmoc : 


3ut . 


50 


27 { 


3ys - L 


L.-CVS (4 -Me -321) 


L 


^c: 


i-Me-3zl 



( . r 

EP 0 639 584 A1 



28 


Gin - D 


D-Glucamine 


D 


Frnoc 








Gin - L 


L-Glucamine 


L 


Fmoc 






30 


Gin- L 


L-GluCamine (Dod) 


L 


Fmoc 


Dod 




3 1 


Glu - D 


D-Glutamic (Obuc) 


D 


Fmoc 


Obuc 




32 


Glu-L 


L-Glucamic (Obuc) 


L 


Fmoc 


Obuc 




33 


Gly 


Glycine 




Fmoc 






34 


GlyC-L 


L-Cyclohexylglycine 


L 


Fmoc 






J b 


GlyC-D 


D-Cyclohexylglycine 


D 


Fmoc 






J fa 


GlyM 


N-Methylglycine 




Fmoc 






J / 


GlyP- L 


L- Phenylglycine 


L 


Fmoc 






38 


His -D 


D-Hiscidine (Trc) 


D 


Fmoc 


Trc 






His - L 


L-Hiscidine (Trt ) 


L 


Fmoc 


Trt' 


40 


Asp - L 


L-Asparcic (0-2 -Ada) 


L 


Boc \ \ 


0 - 2 - Ada 


4 1 


Ile-D 


D- Isoleucine 


D 


Fmoc 




42 


lie- L 


L- Isoleucine 


L 


Fmoc 




4 J 


Ile-M 


N-Methyl-L-Isoleucine 


L 


Fmoc 




44 


Leu-D 


D- Leucine 


D 


Fmoc 




4 5 


Leu - L 


- ■ *i 

L- Leucine 


L 


Fmoc 




46 


LeuM-D 


N-mechyl - L- Leucine 


D 


Fmoc 




A 1 




N-mechyl - L - Leucine 


L- 


Fmoc 




H 0 


-ys-D i 


3-Lysine (Boc) 




rmoc \ 


3oc 


49 ! 


s/s - L 1 


L.- Lysine ( - ) 


r t 
1 


-Tnoc i 


Jone I 


50 [ 


^ys-L I 


Lysine ( Fmoc) \ 


f 


^moc : 
I 


^moc 


51 L 


^ys-L [ 


-.-Lysine (Boc) *' j 




^moc ~ 


JOC 


52 f 
i 


!et-D c 


)-Mechionine £ 


) 5 


"moc 




5 3 |Met-L l 
i 


4- Methionine £ 




"moc 
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54 


MetS-L 


L-Methionine sulfone 


L 


F moc " 




55 


MetSO- 

r 

b 


L-Methionine sulfoxide 


L 


Fmoc 




5 6 


Nle - D 


D-Norleucine 


D 


Fmoc 


1 


57 


Nle- L ' 


L-Norleucine 


L 


Fmoc 




58 


NleM-L 


N-Methyl- L-Norleucine 


L 


Fmoc 




59 


Nva-D 


D-Norvaline 


D 


Fmoc 




60 


Nva- L 


L-Norvaline 


L 


Fmoc 




61 


Orn-D 


D-Ornithine (Boc) 


D 


Fmoc 


Boc 


62 


Orn-L 


L-Ornichine (Boc) 


L 


Fmoc 


BOC 


63 


Phe-D 


D- Phenylalanine 


D 


Fmoc 




54 


Phe-L 


L- Phenylalanine 


L 


Fmoc 




65 


Phe- 
4C1-L 


4-Chloro-L- 
phenylalanine 


L 


Fmoc 




66 


PheM-D 


N-Methyl -D- 
phenylalanine 


D 


Fmoc 




67 


Trp-L 


L -Tryptophan (Boc) 


L 


Fmoc 


BOC- 


o o 




n - metnyl - L - 
Phenylalanine 


L 


Fmoc 




69 


PhepF- 
DL 


p-Fluoro-DL- 
phenylalanine 


DL 


Fmoc 




70 


PhepNc 


p-Nitro- L- 
Phenylalanine 


L 


Fmoc 




71 


Pro-D I 


3- Proline ? 




^moc 




72 1 


?ro-L 1 


-•-Proline j 




Pmoc 




73 $ 


Ser-D [ 


D-Serine (But) [ 




=Ynoc I 


Jut 


74 £ 


ier-L I 


.-Serine (Bun) [ 


j ; 


r moc E 


kit - 1 


75 1 


C 


)-Threonine (Buc ; c 


) : 


r moc * E 


Jut j 
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76 


Thr-L 


L-Threonine (Buc) 


L 


Fmoc 


But 


77 


Trp-D 


D -Tryptophan 


D 


Fmoc 




78 


Trp-L 


L-Trypcophan 


L 


Fmoc 




79 


Tyr-D 


D -Tyrosine (Buc) 


D 


Fmoc 


But 


80 


Tyr-L 


L-Tyrosine (But) 


L 


Fmoc 


But 


8 1 


Tyr3 , 5 
11-L 


3 , 5 -Diiodo- L-Tyrosine 


L 


Fmoc 




82 


Tyr3 , 5 
Br- L 


3 , 5 -Dibromo- L-Tyrosine 


L 


Fmoc 




83 


Tyrl-L 


L-Tyrosine (2 , 6- 
dichloro-Bzl ) 


L 


Fmoc 




84 


TyrM-L . 


Methyl -L-Tyrosine (Me) 


L 


Boc ! ! 




85 


Val-D 


D-Valine 


D 


Fmoc 




86 


Val-L 


L- Valine 


L 


Fmoc 




87 


ValM-D 


N-Methyl-D-Valine 


D 


Fmoc 




88 


ValM-L 


N-Methyl-L-Valine 


L • 


Fmoc 


| 


89 


Hyp-L 


L-Hydroxyproline- ( t - 
Butyl) 


L 


Fmoc 


• 


90 


Asp-L 


L-Asparcic (C- 1 - Ada) -' 

\ 


L 


Fmoc 


O-l -Ada 


9 1 


His-L 
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Claims 



A library of polymeric molecules, each consisting essentially of a plurality of monomeric units, said 
library comprising a plurality of different sequences of said monomeric units, said molecules being 
immobilized upon beads, each bead means carrying a plurality of different sequences, the expected 
amount of each such sequence on each beads being sufficient for detection of whether a molecule 
having that sequence will bind to a target of interest, each sequence comprising a familial portion and 
an individual portion, the familial portion having a substantially lesser degree of diversity among the 
molecules carried by a single bead than among the molecules of the library as a whole, such familial 
portion thereby being sequenceable upon retrieval of the molecules carried by a single bead. 

2. A method of constructing a library of polymeric molecules which may be synthesized by stepwise 
conjugation of monomeric or oligomeric reactants which comprises: 

35 (a) providing a plurality of beads: 

(b) in a plurality of synthetic cycles, stepwise conjugating a monomeric or oligomeric reactant to said 
beads or to a nascent polymeric molecule thereon, where for one or more "structured" random" 
synthetic cycles, (i) dividing the beads into N aliquots. (ii) reacting each aliquot with one and only 
one of a set of N different predetermined monomeric or oligomeric reactants. where the value of N 

.40 and the reactants of said set may be the same or different for each cycle, and (iii) pooling said 

reacted aliquots said synthetic cycles stepwise forming said molecules through the coupling of a 
reactant of one cycle to the reactant of another cycle. 

3. The method of claim 2. further comprising one or more "structured random" synthetic cycles m each of 
which all beads are reacted with a single predetermined mixture of monomeric or ohgomenc reactants. 
where said mixture may be the same or different for each such cycle. 

The method of claim 3. further comprising, one or more nonrandom" synthetic cycles in which all 
beads are reacted with a purified reactant so as to introduce a constant element into sa.d molecule. 

A method of ident.fying polymeric molecules which bind to a target ol .merest which comprises 

(a) providing a first polymeric molecule library according to claim I; 

(b) contacting the first library with the target of interest, under conditions permitting the detection of 
the binding of the target to. polymeric molecules earned by a bead of the hbrauos ana selecting 
beads carrying polymeric molecules to which sa»d target binds: 

(c) determmmq at least the familial portion of the sequences of the polymeric molecules cameo ov a 
selected bean of the lust library 10 wmrn the target binds 
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«J) providing a second polymeric molecule library according to claim 1 said second library being 
such that essentially all sequences expected to be carried on said selected bead of the first library 
are represented in the molecules of the second library, said second library essentially omitting 
sequences of the first library which were not expected to be carried on the selected bead 
(e> contacting the second library with the target of interest, under conditions permitting the detection 
of the b,nd.ng of the target to molecules carried by a bead of the libraries and selecting bead 
carrying peptides to which said target binds; 

(f) determining at least the familial portion of the sequences of molecules carried by a selected bead 
of the second library to which the target binds, 
whereby a sequence corresponding to a target binding molecule of the first library which was 
carried by said first selected bead is further determined. 

The library of claim t or the method of any of claims 2-5 wherein the library comprises at least 10' 
beads. 



7. The library or method of any of claims 1 -6 wherein each bead carries at least 10 3 molecules. 

8. The library or method of any of claims 1-7 wherein the assay requires no more than 10' jnore 
preferably no more than 10 s . binding molecules per bead for the detection of binding to target and the 
average sampling level per bead for the sequences on the bead is at least about equal to said peptide- 
per-bead detection limit. 

9. The library or method of any of claims 1-8 wherein the assay requires no more than ten more 
preferably two, still more preferably one bead carrying target binding molecules for detection, and the 
ratio of the number of beads in the library to the library partitioning factor is at least about equal to said 
bead-per-hbrary detection limit. 

10. The library or method of any of claims 1-9 wherein the size of the library is at least 10 8 more 
preferably at least 10'". still more preferably at least 10". and most preferable at least 10'* molecules. 

11. The library or method of any of claims I -10 wherein the diversity of the library is at least 10 8 more 
preferably at least 10'. still more preferably at least 10'°. and most preferably at least 10" unique 
sequences. 

\ 

12. The library or method of any of claims 1-11 wherein during at least one random cycle at least forty 
different units are coupled to the nascent molecules of Jhe library. 

13. The library or method of any of claims 1-12 wherein during each random cycle at least forty different 
units are coupled to the nascent molecules of the library. 

14. The library or method of any of claims 1 wherein the molecules are peptides, peptoids. nucleic acids or 
carbohydrates, preferably peptides. 

15. The library or method of claims I -14 in which the polymers have a length of at least five units. 

16. The library or method of any of claims 1-14 in which the familial portion ,s one to four units in length. 

17. The library or method of any of claims 1-J6 in which the familial portion ,s .dentical for all molecules on 
a bead. " 

18. The horary or meihod of any of claims 1-16 in which, at a. least one monomer position ,n the fam.ual 
pomon. a more d.fficult-to-sequence monomer una ,n a first molecule on a bead .s paired w.th a less 
d.ff-culHo-sequence monomer unit at the corresponding monomer posmon ,n a second molecule on ,he 
same bead. 

.9. A method ol Const.uct.ng a l.brary of po.ymonc molecules ~h.ch mav "e Syn,hes.,ed by S.eo-se 
coniugai.on of monomelic 0 r oi.go.nenc .oaciants winch compiles 
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(a) providing a support having a surface which is dividable into a plurality of individually selectable 
zones. 

(b) for one or more rounds. 

(i) reacting a first selected zone of the surface of said support with a first selected monomeric or 
5 oligomeric reactant. so that said reactant is coupled with said support, or bound nascent 

polymeric molecules, essentially only within said first selected zone 

(ii) reacting a second selected zone of the surface of said support to a second selected 
monomeric or oligomeric reactant. so that, said reactant is coupled with said support, or bound 
nascent polymeric molecules, essentially only within said second selected zone, said first and 

10 second zones being nonoverlapping and said first and second reactants being different: and 

(c) for one or more rounds, reacting the entire support surface with a mixture of two or more 
selected monomeric or oligomeric reactants. 

20. The method of claim 19 in which a zone is selected by exposing the surface to radiation through mask 
'5 means directing the radiation onto and only onto the selected zone, thereby activating the zone by 
removal of photolabile protecting groups from the irradiated zone. 
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